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(54) WATERMARK INFORMATION FILLING APPARATUS AND WATERMARK INFORMATION 
DETECTING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a watermark jiKmpMfc&h&m* 
information filling apparatus and a watermark 
information detecting apparatus which can take out 
confidential information precisely. 

SOLUTION: In a watermark information filling apparatus, 
a plurality of dot patterns formed by changing 
directions/wavelengths of waves are prepared, one 
symbol is given to one dot pattern, and confidential 
information is given by combining and arranging the dot 
patterns. In a watermark information detecting 
apparatus, there are provided as many two-dimensional 
wavelet filters, having the same directions and 
wavelengths of the dot patterns, as the number of dot 
patterns. Convolutions between arbitrary regions in a 
partially transmitted image and a plurality of the two^ 
dimensional wavelet filters are calculated and it is 
decided that the region is filled with the dot pattern 
corresponding to the wavelet filter by wjiich the 
maximum convolution is given. 
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* NOTICES * 

JPO and NClPi are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The document image formation section which creates a document image for every 
page based on document data in watermark image embedding equipment, It has the watermark 
image formation section which creates a watermark image, and the image composition section 
containing a watermark which piles up and spaces said document image and said watermark 
image, and creates an entering document image. Said watermark image It is watermark 
information embedding equipment which two or more kinds of dot patterns are arranged 
regularly, and is characterized by giving the extra sensitive information showing the secrecy of 
specification [ at least one kind of dot pattern in it ]. 

[Claim 2] Watermark information embedding equipment according to claim 1 characterized by 
giving said extra sensitive information by preparing two or more dot patterns to which the 
direction and/or wavelength of a wave were changed, giving one symbol to said one dot pattern, 
and arranging combining said dot pattern according to the array of a dot 
[Claim 3] For the effective symbol which accomplishes said a part of extra sensitive 
information, and said extra sensitive information, said symbol is watermark information 
embedding equipment according to claim 2 characterized by consisting of an unrelated invalid 
symbol. 

[Claim 4] Watermark information embedding equipment according to claim 1 characterized by 
giving said extra sensitive information by preparing two or more dot patterns to which the 
direction and/or wavelength of a wave were changed, giving one symbol to the combination of 
arrangement of said one dot pattern, and arranging combining the combination of arrangement 
of said dot pattern according to the array of a dot. 

[Claim 5] Furthermore, it is watermark information embedding equipment given in either of 
claims 1, 2, 3, or 4 which is equipped with said output device which spaces and outputs an 
entering document image to paper, and is characterized by embedding said extra sensitive 
information within the limits of the arbitration in the paper which said output device outputs 
repeatedly. 

[Claim 6] Furthermore, it is watermark information embedding equipment given in either of 
claims 1 , 2, 3, or 4 which is equipped with said output device which spaces and outputs an 
entering document image to paper, and is characterized by embedding said extra sensitive 
information repeatedly all over the part in the paper which said output device outputs. 
[Claim 7] In watermark image detection equipment It has the watermark detecting element 
[ which detects said watermark image from an entering document image by spacing ] where a 
document image and two or more kinds of dot patterns were embedded, to space, by which the 
image was set [ piled it up and ] and created. Said watermark detecting element two or more 
kinds of same dot patterns as a watermark image Watermark image detection equipment which 
is equipped with the filter to extract and is characterized by detecting said watermark image by 
[ said ] spacing and matching to an entering document image. 

[Claim 8] Furthermore, it is watermark image detection equipment according to claim 7 
characterized by said watermark detecting element detecting said watermark image by [ which 
read with said input device ] spacing and matching to an entering document image by having the 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran,web_cgi^ejje?u=http%3A%2F%2Fwww4.ipdl... 2006/03/31 



JP,2003-101762,A [CLAIMS] 



2/3 v 



input device which was printed by paper, and which spaces and reads an entering document 
image. 

[Claim 9] Said watermark image prepares two or more dot patterns to which the direction 
and/or wavelength of a wave were changed according to the array of a dot, and said one dot 
pattern is received. Extra sensitive information is given by giving one symbol and arranging 
combining said dot pattern. Said filter Watermark image detection equipment according to claim 
7 or 8 characterized by consisting of a 2-dimensional wavelet filter of the said dot pattern and 
the same number with the direction of the same wave as said dot pattern, and wavelength. 
[Claim 10] Watermark information detection equipment according to claim 9 characterized by 
judging that said dot pattern corresponding to said said 2-dimensional wavelet filter to which it 
spaces, the convolution of the field of the arbitration in an entering image and two or more of 
said 2-dimensional wavelet filters is calculated, and a convolution serves as max is embedded 
to said field. 

[Claim 11] Watermark information detection equipment according to claim 9 characterized by 
judging that said dot pattern corresponding to this 2-dimensional wavelet filter is embedded in 
said field when [ said ] it spaces and the convolution of the field of the arbitration in an entering 
image and said 2-dimensional wavelet filter of arbitration exceeds a fixed threshold. 
[Claim 12] Said extra sensitive information is repeatedly embedded all over within the limits of 
the arbitration in the paper inputted into said input device, and it sets in said image containing a 
watermark. It ******. a convolution with all the signal detection filters in the location 
corresponding to the same sign bit is embedded for said two or more 2-dimensional wavelet 
filters of every, and it is the same as the count of a repeat at the time — Watermark 
information detection equipment according to claim 9 characterized by judging it as that where 
said dot pattern corresponding to said 2-dimensional wavelet filter with the largest aggregate 
value is embedded. 

[Claim 1 3] Said 2-dimensional wavelet filter is watermark information detection equipment given 

in either of claims 9, 10, 1 1, or 12 which is characterized by being the Gabor filter. 

[Claim 14] Watermark information embedding equipment given in either of claims 1, 2, or 3 which 

is characterized by having further the pattern judging section which chooses [ said ] by what 

kind of embedding pattern two or more dot patterns of a class are arranged. 

[Claim 1 5] Said pattern judging section is watermark information embedding equipment 

according to claim 14 characterized by choosing said embedding pattern according to the 

number of said detectable dot patterns (the number of effective dot patterns) even if it changes 

the embedding pattern of said dot pattern two or more, it performs temporary arrangement of 

said dot pattern and it piles up said document image and said watermark image. 

[Claim 1 6] Said pattern judging section is watermark information embedding equipment 

according to claim 1 5 which computes distribution of said number of effective dot patterns of 

each of said dot pattern, and is characterized by distribution choosing said smallest embedding 

pattern about each two or more embedding patterns which performed said temporary 

arrangement. 

[Claim 1 7] The information about said embedding pattern which said pattern judging section 
chose is watermark information embedding equipment given in either of claims 14, 15, or 16 
which is characterized by said thing [ spacing and being embedded as header information in an 
entering document image ]. 

[Claim 1 8] The information about said embedding pattern which said pattern judging section 
chose is watermark information embedding equipment according to claim 1 7 which is enciphered 
and is characterized by said thing [ spacing and being embedded as header information in an 
entering document image ]. 

[Claim 1 9] Said pattern judging section is watermark information embedding equipment given in 
either of claims 14, 15, 16, 17, or 18 which carries out field division of said document image, and 
is characterized by choosing said optimal embedding pattern for every division field. 
[Claim 20] Said pattern judging section is watermark information embedding equipment 
according to claim 19 characterized by performing character recognition processing to said 
document image, and performing field division according to the property of said document image. 
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[Claim 21] The information about the division field which said pattern judging section does not 
arrange said dot pattern in the division field which cannot arrange said dot pattern substantially 
as a result of the character recognition processing to said document image, and does not 
arrange said dot pattern is watermark information embedding equipment according to claim 20 
characterized by said thing [ spacing and being embedded as header information in an entering 
document image ]. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of adding confidential information 
in the form of [ other than an alphabetic character ] to. a document image, and the technique of 
detecting confidential information from the printed document containing confidential information. 

[0002] 

[Description of the Prior Art] "Digital watermarking" which embeds the information and extra 
sensitive information for copy / forged prevention to people's eyes in the form which is not in 
sight is premised on all of preservation or delivery of data being performed on electronic media 
to an image, document data, etc., and since there are no informational degradation and 
disappearance which are embedded by the watermark, information detection can be ensured. In 
order to alter a document unjustly or to prevent being copied also to the document printed by 
the paper medium like this, the approach of embedding the confidential information which is the 
format which is not offensive to the eye visually other than an alphabetic character, and cannot 
be altered easily in a printing document is needed. 

[0003] The following techniques are known as the information embedding approach for the 
monochrome binary document used most widely as a print. 

[0004] [1] JP,2001-78006,A "the watermark information embedding and the detection approach 
to monochrome binary document image, and its equipment" 

The minimum rectangle surrounding the character string of arbitration is divided into some 
blocks, and they are divided into two groups (a group 1 , group 2) (three or more are sufficient as 
the number of groups). For example, when a signal is 1 , the characteristic quantity under a 
group's 1 block is increased, and the characteristic quantity under each block of a group 2 is 
reduced. Reverse is operated when a signal is 0. The characteristic quantity under block is the 
size of the number of pixels of an alphabetic character field, or an alphabetic character, the 
distance to the point which scans a block vertically and collides with an alphabetic character 
field first, etc. 

[0005] [2] JP,2001-53954,A "information embedding equipment, information read-out 
equipment, a digital-watermarking system, the information embedding approach, the information 
read-out approach, and a record medium" 

The width of face and the height surrounding one alphabetic character of the minimum 
rectangle shall be defined as characteristic quantity to the alphabetic character, and the size- 
related classification pattern of the characteristic quantity between two or more alphabetic 
characters shall express a symbol. For example, from three alphabetic characters, six 
characteristic quantity can be defined, the combination of a pattern size-related [ these ] is 
enumerated, these combination is classified into two grooves, and a symbol is given to each. 
When the information to embed is "0" and the combination pattern of the characteristic 
quantity of the alphabetic character chosen since this was expressed is "1", among six 
characteristic quantity, an alphabetic character field is swollen and either is changed. The 
pattern to change is chosen so that variation may serve as min. 
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[0006] [3] JP,9-179494,A "the extra-sensitive-information record approach" 
It assumes being printed by the printer of 400 or more dpi. Information is evaluated and the 
distance (the number of dots) of a reference point mark and a location distinction mark 
expresses information. 

[0007] [4] Japanese Patent Application No. 10-200743 "document processing system 
equipment" 

Whether the screen line of a 10,000 line screen (special screen which consisted of fine parallel 
lines) is moved back expresses information. 
[0008] ' 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned well-known 
technique [1] and [2], since it is accompanied by modification to the pixel, and the character 
spacing and line spacing which constitute the alphabetic character of a document image, 
modification of a font and a layout occurs. In addition, also in the above-mentioned well-known 
technique [3] and [4], since precise detection processing of the 1-pixel unit of the input image 
read in input devices, such as a scanner, is needed at the time of detection, when a noise is 
added at the dirt of space, or the time of printing and reading, it has big effect on information 
detection precision. 

[0009] Thus, since many noise components were contained in an input image owing to image 
deformation of the revolution generated in the case of the dirt of a printing document or an 
input when detecting the confidential information which inputted the printed document into the 
computer again with input units, such as a scanner, in above-mentioned well-known technical 
[1] - [4], and was embedded, there was a trouble that it was difficult for accuracy to take out 
confidential information. 

[0010] it is possible for this invention to be made in view of the above-mentioned trouble which 
the conventional watermark information embedding / detection technique have, and for the 
object of this invention to take out confidential information to accuracy — they are new and 
the improved thing which space and offers information embedding equipment and watermark 
information detection equipment. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 
according to the 1st viewpoint of this invention, watermark information embedding equipment is 
offered. The watermark information embedding equipment of this invention is equipped with the 
document image formation section which creates a document image for every page based on 
document data, the watermark image formation section which creates a watermark image, and 
the image composition section containing a watermark which piles up and spaces said document 
image and said watermark image, and creates an entering document image. 
[0012] And two or more kinds of dot patterns are arranged regularly, and said watermark image 
is characterized by giving the extra sensitive information showing the secrecy of specification 
[ at least one kind of dot pattern in it ]. 

[0013] Moreover, by preparing two or more dot patterns to which the direction and/or 
wavelength of a wave were changed, giving one symbol to said one dot pattern, and arranging 
combining said dot pattern according to the array of a dot, you may constitute so that said 
extra sensitive information may be given. 

[0014] Said symbol may constitute the effective symbol which accomplishes said a part of extra 
sensitive information, and said extra sensitive information so that it may consist of an unrelated 
invalid symbol. 

[0015] Or said extra sensitive information is able to be given by preparing two or more dot 
patterns to which the direction and/or wavelength of a wave were changed, giving one symbol 
to the combination of arrangement of said one dot pattern, and arranging combining the 
combination of arrangement of said dot pattern according to the array of a dot. 
[0016] Furthermore, it has said output device which spaces and outputs an entering document 
image to paper, and you may make it embed said extra sensitive information on within the limits 
of the arbitration in the paper which said output device outputs, or the whole surface 
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repeatedly. 

[0017] In order to solve the above-mentioned technical problem, according to the 2nd viewpoint 
of this invention, watermark information detection equipment is offered. The watermark 
information detection equipment of this invention is equipped with the watermark detecting 
element where a document image and two or more kinds of dot patterns were embedded, by 
which the image piled up, was set and it was created and which detects said watermark image 
from an entering document image by spacing by spacing. 

[0018] And said watermark detecting element is equipped with the filter which extracts two or 
more kinds of same dot patterns as a watermark image, and is characterized by detecting said 
watermark image by [ said ] spacing and matching to an entering document image. 
[0019] Furthermore, it has the input device which was printed by paper and which spaces and 
reads an entering document image, and you may make it said watermark detecting element 
detect said watermark image by [ which read with said input device ] spacing and matching to 
an entering document image. 

[0020] Moreover, by preparing two or more dot patterns to which the direction and/or 
wavelength of a wave were changed, giving one symbol to said one dot pattern, and arranging 
combining said dot pattern according to the array of a dot, extra sensitive information is given, 
and said watermark image may constitute said filter so that it may consist of a 2-dimensional 
wavelet filter of the said dot pattern and the same number with the direction of the same wave 
as said dot pattern, and wavelength. The Gabor filter can be used as an example of a 2- 
dimensional wavelet filter. 

[0021] In this case, it is possible to judge that said dot pattern corresponding to said said 2- 
dimensional wavelet filter with which it spaces, the convolution (convolution integral) of the field 
of the arbitration in an entering image and two or more of said 2-dimensional wavelet filters is 
calculated, and a convolution serves as max is embedded to said field. 

[0022] Moreover, when [ said ] it spaces and the convolution of the field of the arbitration in an 
entering image and said 2-dimensional wavelet filter of arbitration exceeds a fixed threshold, it 
is also possible to judge that said dot pattern corresponding to this 2-dimensional wavelet filter 
is embedded in said field. 

[0023] moreover, when said extra sensitive information is repeatedly embedded all over within^ 
the limits of the arbitration in the paper inputted into said input device It is under [ containing a 
watermark / said image ] setting. It ******. a convolution with all the signal detection filters in 
the location corresponding to the same sign bit is embedded for said two or more 2-dimensional 
wavelet filters of every, and it is the same as the count of a repeat at the time — It is possible 
to judge it as that where said dot pattern corresponding to said 2-dimensional wavelet filter 
with the largest aggregate value is embedded. 

[0024] Moreover, according to other viewpoints of this invention, following watermark 
information embedding equipment is offered as an application of above watermark information 
embedding equipment This watermark embedding equipment is characterized by having further 
the pattern judging section which chooses [ said ] by what kind of embedding pattern two or 
more dot patterns of a class are arranged in addition to the component of the above-mentioned 
watermark information embedding equipment. 

[0025] Before it arranges said dot pattern actually, even if said pattern judging section changes 
some (2 or more [ for example, ]) embedding patterns of said dot pattern, performs temporary 
arrangement of said dot pattern and piles up said document image and said watermark image, it 
can choose said embedding pattern according to the number of said detectable dot patterns 
(the number of effective dot patterns is called hereafter). 

[0026] Distribution is able to compute distribution of said number of effective dot patterns of 
each of said dot pattern, and to more specifically choose said smallest embedding pattern about 
each embedding pattern which performed said temporary arrangement. In addition, standard 
deviation is able to compute standard deviation instead of distribution and to choose said 
smallest embedding pattern. — ■ - ■■ 

[0027] Said thing [ spacing and embedding the information about said embedding pattern which 
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said pattern judging section chose as header information in an entering document image ] is 
possible. Under the present circumstances, if it is made to encipher in order to make 
information about that embedding pattern into a third party at secrecy, the thing for which only 
those who know the embedding pattern were embedded and which space and restores 
information is possible. 

[0028] It is also possible to carry out field division of said document image, and to choose said 
optimal embedding pattern for every division field. It is possible to perform analysis processing 
(character recognition processing) of an alphabetic character, a table, etc. using OCR (Optical 
Character Reader: optical character reader), and to perform field division according to the 
property of said document image to said document image, as an example of field division. 
[0029] almost embed a dot pattern (watermark information) substantially as a result of the 
character recognition processing to a document image — it may turn out that there is a field 
(for example, field of drawing) which is not In such a division field, it is also possible not to 
arrange said dot pattern. And if the information about the division field which does not arrange 
said dot pattern is embedded as header information in said document image containing a 
watermark, it is not necessary to detect watermark information and improvement in detection 
efficiency can be aimed at from the division field at the time of detection of watermark 
information. 
[0030] 

[Embodiment of the Invention] The gestalt of suitable operation of the watermark information 
embedding equipment concerning this invention and watermark information detection equipment 
is explained to a detail, referring to an accompanying drawing below. In addition, in this 
description and a drawing, duplication explanation is omitted by ****** which attaches the 
same sign about the component which has the same functional configuration substantially. 
[0031] (Gestalt of the 1st operation) Drawing 1 is the explanatory view showing the 
configuration of the watermark information embedding equipment concerning the gestalt of this 
operation, and watermark information detection equipment. 

[0032] (Watermark information embedding equipment 10) Watermark information embedding 
equipment 10 is equipment which constitutes a document image based on the extra sensitive 
information embedded in document data and a document, and prints to a paper medium. As 
shown in drawing 1 , watermark information embedding equipment 10 is spaced with the 
document image formation section 1 1 and the watermark image formation section 1 2, and is 
constituted by the entering document image composition section 13 and the output device 14. 
The document data 1 5 are data created by the document preparation tool etc. Extra sensitive 
information 16 is information (a character string, an image, voice data) embedded in the form of 
[ other than an alphabetic character ] to a paper medium. 

[0033] In the document image formation section 11, the image in the condition of having printed 
the document data 15 in space is created. The white pixel field in a document image is a part 
which is not printed at all, and, specifically, a black pixel field is a part to which a black coating 
is applied. In addition, although the gestalt of this operation explains printing in black ink 
(monochrome) to white space as a premise, this invention is not limited to this, but even if it is 
the case where it prints in a color (multiple color), it can apply this invention similarly. 
[0034] The watermark image formation section 1 2 N-ary-codeHzes what extra sensitive 
information 16 was digitized and was changed into the numeric value (N is two or more), and 
assigns it to the signal which prepared each symbol of a symbolic language beforehand. A signal 
expresses the wave which has the direction and wavelength of arbitration by arranging a dot all 
over the rectangle field of the magnitude of arbitration, and assigns a symbol to the direction 
and wavelength of a wave. A watermark image is arranged on an image according to a regulation 
with these signals. 

[0035] It spaces, and the entering document image composition section 1 3 spaces with a 
document image, piles up an image, and creates the document image of entering [ space ]. 
Moreover, output devices 14 are output units, such as a printer, are spaced and print an - 
entering document image to a paper medium. Therefore, the document image formation section 
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11, the watermark image formation section 12, and the document image composition section 13 
containing a watermark may be realized as one function in a printer driver. 
[0036] To the original document data 1 5, the printing document 20 embeds extra sensitive 
information 1 6, is printed, and is kept and managed physically. 

[0037] (Watermark information detection equipment 30) Watermark information detection 
equipment 30 is equipment which incorporates as an image the document currently printed by 
the paper medium, and restores the extra sensitive information currently embedded. Watermark 
information detection equipment 30 is constituted by the input device 31 and the watermark 
detecting element 32 as shown in drawing 1 . 

[0038] The input devices 31 are input units, such as a scanner, and incorporate to a computer 
the document 20 printed by paper as a gray image of multiple-value gradation. Moreover, the 
watermark detecting element 32 performs filtering to an input image, and detects the embedded 
signal. A symbol is restored and the embedded extra sensitive information is taken out from the 
detected signal. 

[0039] Actuation of the watermark information embedding equipment 10 constituted as 
mentioned above and watermark information detection equipment 30 is explained. First, 
actuation of watermark information embedding equipment 1 0 is explained, referring to drawing 1 
~ drawing 1 1 . 

[0040] (Document image formation section 11) The document data 15 shall be data including 
font information or layout information, and shall be created with word-processing software etc. 
The document image formation section 1 1 creates the image in the condition that the document 
was printed by paper, for every page based on this document data 1 5. This document image 
shall be a monochrome binary picture, the white pixel (a value is the pixel of 1) on an image 
shall be a background, and a black pixel (a value is the pixel of 0) shall be an alphabetic 
character field (field where ink is applied). 

[0041] (Watermark image formation section 12) Extra sensitive information 16 is various data, 
such as an alphabetic character, voice, and an image, and creates the watermark image piled up 
as a background of a document image from this information in the watermark image formation 
section. 

[0042] Drawing 2 is the flow chart showing the flow of processing of the watermark image 
formation section 1 2. First, extra sensitive information 1 6 is changed into an N~ary code (step 
S101). Although N is arbitrary, in order to give explanation easy, it is referred to as N= 2 with 
the gestalt of this operation. Therefore, the sign generated at step S101 shall be a sign, and 
shall be expressed by the bit string of 0 and 1 . [ of 2 yuan ] At this step S101 , data may be 
encoded as it is and what enciphered data may be encoded. 

[0043] Subsequently, it spaces to each symbol of a symbolic language, and a signal is assigned 
(step S102). The wave which has the wavelength and the direction of arbitration according to 
the array of a dot (black pixel) is expressed as a watermark signal. About a watermark signal, it 
mentions later further. 

[0044] Furthermore, the signal unit corresponding to the bit string of the encoded data is 
spaced, and it arranges on an image (step S103). 

[0045] In the above-mentioned step S102, the watermark signal assigned to each symbol of a 
symbolic language is explained. Drawing 3 is the explanatory view showing an example of a 
watermark signal. 

[0046] The width of face and the height of a watermark signal are set to Sw and Sh, 
respectively. Although Sw may differ from Sh, it is taken as Sw=Sh with the gestalt of this 
operation in order to give explanation easy. The unit of die length is the number of pixels, and is 
Sw=Sh=1 2 in the example of drawing 3 . It depends for magnitude when these signals are 
printed by space on the resolution of a watermark image, for example, supposing a watermark 
image is an image of 600dpi (being [ dot per inch : ] the unit of resolution the number of dots 
per inch), the width of face and the height of a watermark signal of drawing 3 will be set to 12 / 
600= 0.02 (inch) on a printing document - - - 
[0047] Hereafter, width of face and height call the rectangle of Sw and Sh a "signal- unit" as a 
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unit of one signal. arctanO) (arctan has [ drawing 3 (1) ] a dense distance between dots in the 
direction of inverse function) of tan to a horizontal axis, and the propagation direction of a wave 
is arctan (- 1/3). Hereafter, this signal unit is called Unit A. Drawing 3 R> 3 (2) has a dense 
distance between dots in the direction of arctan (-3) to a horizontal axis, and the propagation 
direction of a wave is arctan (1/3). Hereafter, this signal unit is called Unit B. 
[0048] Drawing 4 is the sectional view which looked at the pixel value change of drawing 3 (1) 
from the direction of arctan (1/3). In drawing 4 , the part in which the dot is arranged serves as 
an antinode (point that the amplitude serves as max) of the minimum value of a wave, and the 
part in which the dot is not arranged serves as an antinode of the maximum of a wave. 
[0049] Moreover, since the field where the dot is arranged densely exists in [ two ] one unit, 
respectively, the frequency per one unit is set to 2 in this example. Since it becomes vertical 
[ the direction of wave propagation ] to the direction in which the dot is arranged densely, the 
wave of Unit A receives horizontally and the wave of arctan (- 1/3) and Unit B serves as arctan 
(1/3). In addition, it is axb=-1 when the direction of arctan (a) and the direction of acrtan (b) are 
vertical. 

[0050] With the gestalt of this operation, a symbol 0 is assigned to the watermark signal 
expressed in Unit A, and a symbol 1 is assigned to the watermark signal expressed in Unit B. 
Moreover, these are called a symbol unit 

[0051] To a watermark signal, a dot array as shown for example, by drawing 5 (3) - (5) besides 
what is shown by drawing 3 (1) and (2) can be considered. The distance of drawing 5 (3) 
between dots is dense in the direction of arctan (1/3) to a horizontal axis, and the propagation 
direction of a wave is arctan (-3). Hereafter, this signal unit is called Unit C. The distance of 
drawing 5 (4) between dots is dense in the direction of arctan (- 1/3) to a horizontal axis, and 
the propagation direction of a wave is arctan (3). Hereafter, this signal unit is called Unit D. The 
distance of drawing 5 (5) between dots is dense in the direction of arctan (1) to a horizontal 
axis, and the propagation direction of a wave is arctan (-1). In addition, to a horizontal axis, the 
distance of drawing 5 (5) between dots is dense in the direction of arctan (-1), and, as for the 
propagation direction of a wave, can also consider that it is arctan (1). Hereafter, this signal unit 
is called Unit E. 

[0052] Thus, since two or more patterns of the combination of the unit which combines and 
also assigns a symbol 0 and a symbol 1 to except assigned previously are considered, it can 
avoid decoding simply the signal with which it made into secrecy which watermark signal to 
assign which symbol, and the third party (inaccurate person) was embedded. 
[0053] Furthermore, when the extra sensitive information of 4 yuan is encoded with a sign at 
step S102 shown in drawing 2 , it is the symbol 0 of a symbolic language for example, to the unit 
A [0054] which a symbol 2 is assigned to Unit C and can also assign a symbol 3 to Unit B for a 
symbol 1 at Unit D Since [ which was shown in drawing 3 and drawing 5 ] it spaces and all the 
number of the dots in 1 unit is made equal in an example of a signal, the shade of the 
appearance of a watermark image serves as homogeneity by putting these units in order without 
a clearance. Therefore, on the printed space, a gray image with single concentration seems to 
be embedded as a background. 

[0055] When define Unit E as a background unit (signal unit to which the symbol is not 
assigned), put this in order without a clearance and it is spaced, in order to take out such 
effectiveness, and considering as the background of an image, spacing a symbol unit (Unit A, 
Unit B) and embedding in an image, the background unit (unit E) and symbol unit (Unit A, Unit B) 
of a location which it is going to embed are replaced. 

[0056] Drawing 6 (1) is the explanatory view showing the case where defined Unit E as the 
background unit, put this in order without the clearance, spaced it, and it considers as the 
background of an image. Drawing 6 (2) shows an example which embedded Unit A into the 
background image of drawing 6 (1), and drawing 6 (3) shows an example which embedded Unit B 
into the background image of drawing 6 (1). Although the gestalt of this operation explains how 
to space a background-unit and make it into the background of an image, it may space by 
arranging only a symbol unit and an image may be generated. 
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[0057] Subsequently, how to space one symbol of a symbolic language and embed in an image is 
explained, referring to drawing 7 . 

[0058] Drawing 7 is the explanatory view showing an example of the symbol embedding 
approach to a watermark image. Here, the case where the bit string "0101" is embedded as an 
example is explained. 

[0059] As shown in drawing 7 (1) and (2), the same symbol unit is repeated and embedded. It is 
for preventing no longer detecting this at the time of signal detection, when it laps on the 
symbol unit which the alphabetic character in a document embedded, and the number of 
repeats of a symbol unit and the pattern (a unit pattern is called hereafter.) of arrangement are 
arbitrary. 

[0060] namely, as an example of a unit pattern repeatedly like drawing 7 (2) in setting a number 
to 4 (four symbol units existing in one unit pattern) like drawing 7 (1) The number of repeats 
can be set to 2 (two symbol units exist in one unit pattern), or it is good also considering the 
number of repeats as 1 (only one symbol unit exists in one unit pattern). 
[0061] Moreover, drawing 7 (1) and (2) may give a symbol to the arrangement pattern of a 
symbol unit like drawing 7 (3), although one symbol is given to one symbol unit. 
[0062] It is dependent on the magnitude of a signal unit, the magnitude of a unit pattern, and 
the magnitude of a document image the amount of information of what bit can be embedded 
into the watermark image for 1 page. How many signals were embedded to the horizontal 
direction and perpendicular direction of a document image may perform signal detection as 
known, and it may count backward from the magnitude of the image inputted from the input unit, 
and the magnitude of a signal unit. 

[0063] Supposing Pw individual buries to the horizontal direction of the watermark image for 1 
page, the unit pattern of Ph individual buries perpendicularly and it puts, the unit pattern of the 
location of the arbitration in an image will be expressed as U (x y), x=1-Pw, and y=1-Ph, and U 
(x y) will be called a "unit pattern matrix." Moreover, the number of bits which can be 
embedded at 1 page is called the "embedding number of bits." The embedding number of bits is 
PwxPh. 

[0064] Drawing 8 is the flow chart having shown how to space extra sensitive information and 
embed in an image. Here, the case where the same information is repeated and embedded in the 
watermark image of one sheet (1 page) is explained. Even when a watermark image and a 
document image are piled up by repeating and embedding the same information, the one whole 
unit pattern is painted out, it embeds and information disappears, it is for making it possible to 
take out the embedded information. 

[0065] First, extra sensitive information 16 is changed into an N-ary code (step S201). It is the 
same as that of step S101 of drawing 2 . Below, the encoded data are called a data sign and 
what expressed the data sign with the combination of a unit pattern is called the data sign unit 
Du. 

[0066] Subsequently, it calculates whether it embeds with the code length (here number of bits) 
of a data sign, and from the number of bits, a data sign unit can be repeated in the image of one 
sheet how many times, and can be embedded in it (step S202). The code length data of a data 
sign shall be inserted in the 1st line of a unit pattern matrix with the gestalt of this operation. 
You may make it not embed code length data in a watermark image by making code length of a 
data sign into a fixed length. 

[0067] The count Dn embedding a data sign unit is calculated by the following formulas by 
setting data code length to Cn. 
[0068] 
[Equation 1] 
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[0069] When a remainder is set to Rn (Rn=Cn- (Pwx (Ph-1))) here, in unit pattern procession, 
the unit pattern equivalent to a part for the head Rn bit of the data sign unit of Dn time and a 
data sign will be embedded. However, it is not necessary to necessarily embed Rn bit of a 
remainder part. 

[0070] In explanation of drawing 9 , size of a unit pattern matrix is set to 9x1 1 (1 Hine nine 
trains), and data code length is set to 1 2 (what the number of 0-1 1 attached all over drawing 
expresses each symbolic language of a data sign). 

[0071] Subsequently, code length data are embedded at the 1st line of a unit pattern matrix 
(step S203). Although the example of drawing 9 explains the example which expresses code 
length by 9-bit data, and is embedded only once, when the width of face Pw of a unit pattern 
matrix is sufficiently large, code length data can also be repeated and embedded like a data sign. 

[0072] Furthermore, a data sign unit is repeated and embedded after the 2nd line of a unit 
pattern matrix (step S204). As drawing 9 shows, it embeds sequentially from MSB (most 
significant bit) or LSB (least significant bit) of a data sign at a line writing direction. The 
example of drawing 9 shows the example which is embedding 6 bits of heads of 7 times and a 
data sign for the data sign unit. 

[0073] An approach to embed data may also be embedded so that it may become like drawing 9 
succeeding a line writing direction, and you may also embed it so that it may become 
succeeding the direction of a train. 

[0074] In the above, the watermark image in the watermark image formation section 12 was 
explained. Subsequently, watermark information embedding equipment 10 spaces and the 
entering document image composition section 13 is explained. 

[0075] (Spacing entering document image composition section 1 3) The document image which 
was spaced and was created in the document image formation section 1 1 in the entering 
document image composition section 13, and the watermark image created in the watermark 
image formation section are piled up. It spaces and the value of each pixel of an entering 
document image is calculated by the AND operation (AND) of the pixel value to which it spaces 
through with a document image and an image corresponds. Namely, by spacing with a document 
image, if one of the images is 0 (black), it spaces, and the pixel value of an entering document 
image will be set to 0 (black), and it will be set to 1 (white) except it 

[0076] Drawing 1 0 is the explanatory view in which spacing through and showing an example of 
an entering document image. Drawing 1 1 is the explanatory view having expanded and shown a 
part of drawing 10 . Here, the unit pattern uses the pattern of drawing 7 (1). It spaces and an 
entering document image is outputted by the output device 14. 

[0077] In the above, actuation of watermark information embedding equipment 10 was explained. 
Subsequently, actuation of watermark information detection equipment 30 is explained, referring 
to drawing 1 , and drawing 12 - drawing 20 R> 0. 

[0078] (Watermark detecting element 32) Drawing 1 2 is the flow chart showing the flow of 
processing of the watermark detecting element 32. First, it spaces with the input devices 31, 
such as a scanner, and an entering document image is inputted into calculator memory etc. 
(step S301). This image is called an input image. An input image is a multiple-value image and, 
below, is explained as a gray image of 256 gradation. Moreover, the resolution (resolution when 
reading with the input device 31) of an input image is explained that it is the same resolution as 
the image which was created with the above-mentioned watermark information embedding 
equipment 10 and which was created with the above-mentioned watermark information 
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embedding equipment 10 here, although it may space and you may differ from the entering 
document image. Moreover, as for an input image, amendment of a revolution, telescopic motion, 
etc. shall be performed. 

[0079] Subsequently, it calculates how many the unit pattern is embedded from the magnitude 
of an input image, and the magnitude of a signal unit (step S302). For example, supposing SwxSh 
and a unit pattern consist of units of a UwxUh individual in the magnitude of a signal unit noting 
that the magnitude of an input image is W(width of face) xH (height), the number (N=PwxPh) of 
the unit patterns currently embedded into the input image will be calculated as follows. 
[0080] 
[Equation 2] 

W nl H 

SwxUw ShxUh 

[0081] However, when it spaces with watermark information embedding equipment 10 and 
resolution differs with information detection equipment 30, after normalizing the magnitude of 
the signal unit in an input image by the ratio of those resolution, the above-mentioned count is 
performed. 

[0082] Subsequently, the break location of a unit pattern is set up to an input image based on 
the number of unit patterns calculated at step S302 (step S303). Drawing 1313 shows an 
example of an input image ( drawing 1 3 (1)) and the input image ( drawing 1 3 (2)) after setting 
up the break location of a unit pattern. 

[0083] Subsequently, a symbol unit is detected for every break of a unit pattern, and a unit 
pattern matrix is restored (step S304). Below, the detail of signal detection is explained. 
[0084] Drawing 14 is the explanatory view having shown an example of the field corresponding 
to the unit A shown in drawing 3 in an input image (1). Although a signal unit is a binary picture 
in drawing 3 , it is a multiple-value image here. Since a shade changes continuously owing to a 
blot of ink etc. when a binary picture is printed, the perimeter of a dot becomes the neutral 
colors of white and black like drawing 14 . Therefore, the sectional view which looked at drawing 
1_4 from the direction parallel to the direction of wave propagation becomes like drawing 1 5 . 
Drawing 1 5 serves as a smooth wave to drawing 4 being a square wave. 

[0085] Moreover, actually, although many noise components will be added by factors, such as 
the instability of a local change of the thickness of paper, the dirt of a printing document and an 
output device, or an image input device, into an input image, the case where there is no noise 
component here is explained. However, if the approach explained here is used, signal detection 
stabilized also to the image with which the noise component was added can be performed. 
[0086] Below, in order to detect a signal unit from an input image, the 2-dimensional wavelet 
filter which can define simultaneously the frequency of a wave, a direction, and an area of 
influence is used. Although the example using the Gabor filter which is one of the 2-dimensional 
wavelet filters is shown below, as long as it is the Gabor filter and a filter with the same 
property, it is not necessary to be necessarily the Gabor filter, and approaches, such as defining 
a template with the still more nearly same dot pattern as a signal unit, and performing pattern 
matching, may be used. 

[0087] The Gabor filter G (x y), x=0-gw-1 , and y=0-gh-1 are shown below, gw and gh are the 
sizes of a filter and are the same magnitude as the signal unit embedded with the above- 
mentioned watermark information embedding equipment 10 here. 
[0088] 
[Equation 3] 
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[0089] The symbol unit which spaced through signal detection and was embedded in the image, 
a frequency, the direction of a wave, and magnitude prepare only the same number as the class 
of signal unit embedding the equal Gabor filter. Here, the Gabor filter corresponding to Unit A 
and Unit B of drawing 3 is called Filter A and Filter B. 

[0090] The filter output value in the location of the arbitration in an input image is calculated by 
the convolution between a filter and an image. In the case of the Gabor filter, since a real 
number filter and an imaginary filter (filter with which, as for the imaginary filter, the real number 
filter and the half-wave length part phase shifted) exist, let those square averages be filter 
output values. For example, the convolution between the real number filter of Filter A and an 
image will calculate output-value F (A) by the following formulas, supposing a convolution with 
Rc and an imaginary filter is Ic. 



[0092] Drawing 1 6 is an explanatory view explaining how to judge whether the symbol unit 
currently embedded into the unit pattern U (x y) divided by step S303 is Unit A, or it is Unit B. 
[0093] The symbol judging step to the unit pattern U (x y) is performed as follows. 

(1) Moving the location of Filter A, make into the output value of the filter A to the unit pattern 
U (x y) maximum of the result of having calculated F (A) about all the locations in the unit 
pattern U (x y), and set this to Fu (Ax, y). 

(2) Calculate the output value of the filter B to the unit pattern U (x y) like (1), and set this to 
Fu (Bx, y). 

(3) Fu (Ax, y) and Fu (Bx, y) It compares. Fu >=Fu (Ax, y) If it is (Bx, y), the unit pattern U It 
judges with the symbol unit currently embedded at (x, y) being Unit A, and if it is Fu(Ax, y) <Fu 
(Bx, y), it will judge with the symbol unit currently embedded to the unit pattern U (x y) being 
Unit B. 

[0094] In (1) and (2), the step size which moves a filter is arbitrary and may calculate only the 
output value in the typical location on a unit pattern. Moreover, when the absolute value of the 
difference of Fu (Ax, y) and Fu (Bx, y) is below a threshold defined beforehand in (3), it is good 
also as a judgment being impossible. 

[0095] Moreover, in (1), when the maximum of F (A) exceeds the threshold defined beforehand, 
the symbol unit currently embedded immediately at U (x y) may judge with it being Unit A, and 
may stop processing by the process which calculates a convolution while shifting a filter. When 
the threshold which the maximum of F (B) defined beforehand similarly in (2) is exceeded, you 
may judge with the symbol unit currently embedded immediately at U (x y) being Unit B. 
[0096] In the above, the detail of signal detection (step S304) was explained. Again, return and 
the subsequent step S305 are explained to the flow chart of drawing 1 2 . At step S305, the 
symbol of a unit pattern matrix is connected, a data sign is reconfigurated, and the information 
on original is restored. 

[0097] Drawing 1 7 is the explanatory view showing an example of information restoration. The 
step of information restoration is as follows: 

(1) Detect the symbol currently embedded to each unit pattern ( drawing 1 7 **). 



[0091] 
[Equation 4] 
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(2) Connect a symbol and restore a data sign ( drawing 17 R>7**). 

(3) Take out the information which decoded the data sign and was embedded ( drawing 17 **). 
[0098] Drawing 1 8 - drawing 20 are the explanatory views showing an example of the 
restoration approach of a data sign. The restoration approach serves as processing of the 
reverse of drawing 8 fundamentally. 

[0099] First, a part for code length data division is taken out from the 1 st line of a unit pattern 
matrix, and the code length of the embedded data sign is obtained (step S401). 
[0100] Subsequently, Count Dn and Remainder Rn embedding a data sign unit are calculated 
based on the size of a unit pattern matrix, and the code length of a data sign who got by S401 
(step S402). 

[0101] Subsequently, a data sign unit is taken out by the approach of step S203 and reverse 
from the 2nd line of a unit pattern matrix or subsequent ones (step S403). In the example of 
drawing 1 9 , it decomposes for every 12 pattern units sequentially from U (1 2) (two-line one 
train) (U (1 2)-U (3 3), U (4 3)-U (6 4), ...). Since it is Dn=7 and Rn=6, 12 pattern units (data sign 
unit) are taken out 7 times, and six unit patterns (it is equivalent to six high orders of a data 
sign unit) (U (4 1 1)-U (9 11)) are taken out as a remainder. 

[0102] Subsequently, the embedded data sign is reconfigurated by performing a bit reliability 
operation to the data sign unit taken out at step S403 (step S404). Hereafter, a bit reliability 
operation is explained. 

[0103] The sign unit outside a day taken out by the beginning is set to Du (1 1)-Du (12 1) from 
eye the two-line train [ one train ] of a unit pattern matrix like drawing 20 , and it is written as 
Du (1 2)-Du (12 2), and ... one by one. Moreover, a remainder part is set to Du (1 8)-Du (6 8). A 
bit reliability operation is taking majority for every element of each data sign unit, and 
determining the value of each symbol of a data sign. Even when neither a lap with an alphabetic 
character field nor the dirt of space is able to perform signal detection correctly from the unit 
of the arbitration in the data sign unit of arbitration by this owing to, a data sign can be restored 
correctly eventually (bit-flipping error etc.). 

[0104] The 1st bit of a data sign is judged to be 1, when there is much direction whose signal 
detection result of Du (1 1), Du (1 2), Du (1 8) is 1, and when there is much direction which is 
0, specifically, it is judged to be 0. Similarly the 2nd bit of a data sign Du (2 1), Du (2 2), It 
judges by the majority by ... and the signal detection result of Du (2 8). The 12th bit of a data 
sign Du (12 1), It judges by the majority by the signal detection result of Du (12 2), Du (12 7) 
(since Du (12 8) does not exist, it becomes to Du (12 7)). 

[0105] A bit reliability operation can also be performed also by adding the output value of the 
signal detection filter of drawing 1 6 . The symbol of 0 shall be assigned to the unit A of drawing 
3 (1), the symbol of 1 shall be assigned to the unit B of drawing 3 (2), and this the maximum of 
an output value with the filter A to Du (m, n) Df (A, m, n), When maximum of an output value 
with the filter B to Du (m, n) is set to Df (B, m, n), the Mth bit of a data sign is [0106]. 
[Equation 5] 

On Dn 



Df(A,M,n) * V Df(B,M,n) 



n-1 

[0107] A ** case is judged to be 1, and when other, it judges with 0. However, in N<Rn, addition 
of Df becomes to n=1-Rn+1. 

[0108] Although the case where a data sign was repeated and embedded was explained here, in 
case data are encoded, the approach that the repeat of a data sign unit is not performed can 
also be realized by using an error correcting code etc. 

[0109] As explained to the detail above, according to the gestalt of this operation, there is the 
following outstanding effectiveness. 

(1-1) In order to embed by the difference in the array of a dot and to express information, it is 
not accompanied by modification to the pitch of between the font of the original document, and 
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an alphabetic character, or space. 

(1-2) Since the concentration (the number of the dots within the fixed section) of the dot 
pattern which is assigning the symbol, and the dot pattern which is not assigning the symbol is 
equal, it seems that half tone dot meshing of concentration uniform for the background of a 
document is carried out to people's eyes, and existence of information is not conspicuous. 
(1-3) By making into secrecy the dot pattern which is assigning the symbol, and the dot pattern 
which is not assigned, decode of the information currently embedded becomes difficult 
(1-4) The pattern showing information is the meeting of a fine dot, and since it is embedded as 
a background of a document on one side, even if an embedding algorithm is exhibited, it 
becomes difficult to alter [ of embedding information ] it to the printed document. 
(1-5) Since it embeds by the difference in the direction of a wave (shade change) and a signal is 
detected, even when some dirt etc. is in a printing document (since detailed detection of a 1- 
pixel unit is not performed), stable information detection can be performed. 
(1-6) In order to perform information restoration using all the information that repeated and 
embedded the same information and was repeatedly embedded at the time of detection, even if 
lack of the partial information by a signal part being hidden in the alphabetic character of a big 
font, or the form being dirty occurs, the information stabilized and embedded can be taken out. 
[0110] (Gestalt of the 2nd operation) In the document output section of the gestalt of 
implementation of the above 1 st, the data inserted in a print as a watermark are changed into a 
symbolic language (this symbolic language may be enciphered) using an error correcting code 
etc. For example, when 2 yuan is changed into a sign, data are expressed by the bit string of 0 
and 1. The dot pattern expressing it corresponds to each symbol (a symbol 0, symbol 1). 
Although this is embedded as a background of a document image, when the number of bits (the 
number of dot pattern array elements) of a symbolic language is small compared with the 
number of the maximum signals which can be embedded on one sheet of paper, the array of a 
dot pattern will be repeatedly embedded on space. 

[01 1 1] Since a watermark signal is embedded as a background of a document image, it cannot 
detect a dot pattern at the time of signal detection from the location where a part or all 
showing a signal of a dot pattern has lapped with the alphabetic character field of a document 
image. The dot pattern by which the judgment of whether to be [ 1 ] whether each bit of a 
symbolic language is 0 was detected from the location corresponding to each bit is based on 
approaches, such as majority of which to be, at the time of signal detection as the gestalt of 
implementation of the above 1st explains. Therefore, when the location (an alphabetic character 
field and overlapping field) which becomes undetectable [ a dot pattern ] concentrates on a bit 
with a symbolic language, as shown in drawing 21 , the judgment of the bit becomes impossible. 
Even if it used the error correcting code for the symbolic language, information cannot be 
restored when the bit which cannot be judged exceeds error correction capacity. 
[0112] Drawing 22 is the explanatory view showing the configuration of the watermark 
information embedding equipment concerning the gestalt of this operation, and watermark 
information detection equipment. The point of difference with the gestalt of implementation of 
the above 1st is that the embedding pattern judging section 42 was added to watermark 
information embedding equipment 40. The embedding pattern judging section 42 is a part which 
determines whether to space in what kind of sequence on space, and to arrange a signal. 
[01 1 3] About other components, since it is the same as that of the gestalt of implementation of 
the above 1st, it supposes that duplication explanation is omitted, and actuation of the gestalt 
of this operation is explained focusing on the additional matter to the gestalt of implementation 
of the above 1 st 

[01 14] Drawing 23 shows the flow of processing of the embedding pattern judging section 42 
and the watermark image formation section 12. It is the part which the field (steps S501-S505) 
surrounded with the broken line embeds, and is equivalent to the pattern judging section 42. 
[01 1 5] When it embeds according to each embedding pattern temporarily before the outline of 
the embedding pattern judging section 42 prepares the signal embedding pattern of Np class 
beforehand and has arranged the signal actually, it is choosing an embedding pattern with which 
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the parts which judge at what rate the location which laps with an alphabetic character 
concentrating on a specific bit, and lap with an alphabetic character are most widely scattered 
all over all the bits of a symbolic language. 

[01 16] When the number of signals which does not lap with an alphabetic character among the 
numbers of signals (dot pattern) which can embed code length into L and a document is set to 
N, the average V of the count of effective embedding of each bit of a symbolic language (count 
which can be embedded without lapping with an alphabetic character) is N/L. Therefore, the 
embedding pattern which all the bits of a symbolic language can arrange ideally to the field 
which does not lap with an alphabetic character by a unit of V times turns into best pattern, 
embed only a small count, if a bias is in the count of effective embedding as mentioned above - 
- the bit which was not has high possibility that reading of a signal will become impossible by 
the new writing of a up to [ a signal detection error, the dirt of the space after printing, and 
space ] etc. at the time of signal detection. When a bias is large, while the bit which is not 
influenced at all by dirt or writing exists, many bits in which signal reading is impossible will 
appear. Therefore, all the bits of a symbolic language are the values near the average value 
which is a count of effective embedding, i.e., distribution (or standard deviation) of the count of 
effective embedding of each bit should just choose the smallest pattern. 
[01 17] At step S501, the data inserted in a print as a watermark are changed into a symbolic 
language (this symbolic language may be enciphered) using an error correcting code etc. For 
example, when 2 yuan is changed into a sign, data are expressed by the bit string of 0 and 1. 
The dot pattern expressing it corresponds to each symbol (a symbol 0, symbol 1). 
[01 18] At steps S502-S504, each bit of (step S502) and the symbolic language which it is going 
to embed counts the number of cases which laps with an alphabetic character field for every bit 
about the embedding pattern of Np class (step S503). 

[01 19] Drawing 24 is the example of four kinds of embedding patterns (Np=4). Drawing 24 (a) 
embeds a signal continuously horizontally, and (b) continues perpendicularly, continuation, (c), 
and (d) continue in the direction of slant, and it is embedding the signal. Embedding at an eddy 
winding pattern besides this etc. is considered innumerably. Furthermore, a document image 
may be divided into some blocks like drawing 25 , and an embedding pattern which is different 
with each block may be used. 

[0120] Drawing 26 is the example of a symbolic language, and the example which arranged the 
dot pattern based on it. This dot pattern is arranged as a background of a repetitive statement 
paintings-and-calligraphic-works image. 

[0121] Drawing 27 (a) shows the example which has arranged the symbolic language of drawing 
26 according to the embedding pattern of drawing 24 (a). Here, the bit [ m-th ] dot pattern of 
drawing 26 is embedded 12 times. Drawing 27 (b) lays a printer graphic on top of the foreground 
of a dot pattern. As shown in drawing, although the m-th bit of a symbolic language has not 
lapped with the alphabetic character in the 1 st arrangement, it has lapped with the alphabetic 
character in the 2nd arrangement. The m~th bit of a symbolic language writes N [ the number of 
cases which has been arranged without lapping with an alphabetic character ] (P, m) to the 
embedding pattern P of drawing 24 . Total [ of the count of effective embedding of each bit of a 
symbolic language ] T (P) adds N (P, m) to m=1-L, and count of average effective embedding E 
(P) is set to T(P)/L From this, distribution of the count of effective embedding is V(P) =E {E 
(P)-N (P, m)2}. 

It can come out and calculate. 

[0122] V (P) is calculated about all embedding patterns, and the embedding pattern to which V 
(P) becomes the smallest by step S505 is decided as it is an embedding pattern to the 
document image of this **. 

[0123] At step S506, it spaces according to the embedding pattern decided at step S505, a 
signal is arranged, and it piles up with a document image. The information by which embedding 
pattern it embedded to the header information field as drawing 28 showed at this time is 
embedded simultaneously. A header information field shall not be based on a document, but 
information shall be arranged by the fixed embedding pattern. 
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[0124] Subsequently, the watermark detecting element 32 is explained. Drawing 29 shows the 
flow of processing of the watermark detecting element 32. At step S601, the signal of a part 
with which header information is embedded among input images is detected, and header 
information is restored. At step S602, a signal embedding pattern is taken out from the header 
information restored at step S601. At step S603, a watermark signal is read according to the 
embedding pattern taken out at step S602. At step S604, majority is taken for every bit of a 
symbolic language, the value of each bit is decided, a sign is compounded, and information is 
taken out. 

[0125] In addition, it is possible to space the information (for a decode error not to occur or for 
meaningful information to have been taken out) which decoded information by all patterns and 
was able to be correctly decoded at the time of detection, without embedding, if the embedding 
pattern is exhibited and it is limited to some kinds, and recording a pattern, although it 
embedded and the pattern was recorded on the header-information embedding field at step 
S506 of drawing 23 , and to also take out as information. 

[0126] Moreover, also when making an embedding pattern into secrecy, it is not necessary to 
embed, and it is not necessary to record a pattern. It does not exhibit what kind of pattern this 
has by complicating an embedding pattern more, when watermark information is the information 
on secrecy, but it is making into secrecy the pattern which embedded the signal, and aims at 
maintaining safety more. When using for such the object, it is not necessary to necessarily 
process steps S502-S505. 

[0127] Moreover, if it **** about block division ( drawing 25 ) of an embedding pattern, a 
document image is divided into some blocks as one of the signal embedding patterns, and when 
applying an embedding pattern which is different with each block, an approach which is 
explained below besides the block of the magnitude of immobilization dividing as shown in 
drawing 25 as the division approach of a block may be used. 

[0128] Since the field which laps with an alphabetic character continues to some extent when 
[ which continued in the document of lateral writing horizontally as a premise ] it embeds and a 
pattern ( drawing 24 (a)) is adopted, the situation which cannot be judged as shown in drawing 
21 for some code length tends to happen. It is also the same as when [ which followed the 
document of columnar writing perpendicularly ( drawing 2424 (b)) ] it embeds and a pattern is 
adopted. 

[0129] Drawing 30 is the example of the document with which columnar writing, lateral writing, 
drawing, etc. were intermingled. By such document, it divides into some blocks, and applying an 
embedding pattern which is different in each, the variance of the count of effective embedding 
of each bit of a symbolic language is [ direction ] smaller, and it is pressed down rather than it 
applies one embedding pattern to the whole document like drawing 24 . Although the division 
approach may be divided into a block of the magnitude of immobilization which was explained 
previously, the effectiveness of variance reduction of the direction which analyzed the 
description of a document image and performed dynamic division becomes large. 
[0130] Drawing 31 (a) is the example which divided the document of drawing 30 according to the 
descriptions, such as columnar writing and lateral writing. This division may use approaches, 
such as "table analysis (JP,04-033079,A) of OCR etc." used as pretreatment of OCR, may 
reduce the document image of drawing 30 , may extract the lump of the alphabetic character 
field of a certain amount of magnitude, and may divide that lump as one block. In the example of 
drawing 31 (a), the field of the character string of lateral writing and a field 5 are a field of the 
character string of columnar writing, and, in the field 3, the field 1, the field 2, and the field 4 are 
the field of drawing. 

[0131] Steps S502-S505 of drawing 23 are performed for every fields of these, and the 
embedding pattern of each field is determined. Drawing 31 (b) is the example to which the 
optimal embedding pattern was applied for every field. 

[01 32] The information how the document image was divided, and the information on an 
embedding pattern over each field may be recorded on the header information field of drawing 
28 R> 8, and are good also as information on secrecy. 
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[0133] Moreover, when field division is carried out by drawing 31 (a), you may make it record 
the information that did not embed a signal in the field judged to be a drawing field, and a signal 
was not embedded to a drawing field on a header information field, since it is difficult to embed 
a signal in the drawing field in a document image. Since processing in which signal detection is 
performed is omissible from the field where a signal is hardly embedded from the first by not 
embedding a signal to a drawing field at the time of watermark detection, compaction and the 
signal detection error of the processing time can be prevented. 

[0134] As explained to the detail above, according to the gestalt of this operation, there is the 
following outstanding effectiveness. 

(2-1) Since the signal which becomes possible with detection by the alphabetic character field 
of a foreground and the lap of a dot pattern does not concentrate on some bits of the symbolic 
language showing information when embedding information for the background of paper by the 
approach to twist sense of incongruity visually by the minute dot pattern, even when an address 
is made by degradation of the detection error at the time of signal detection, the dirt of paper, 
etc., and paper, information can be taken out certainly. 

(2-2) The danger that only what knows the embedding pattern can take out information now, 
and will try to be stolen in the embedded information by making the embedding pattern of a 
signal into secrecy by the third party with malice decreases. 

(2-3) The effectiveness of (2-1) can be heightened more by carrying out field division of the 
document image for every description of a component, and applying the optimal signal 
embedding pattern for every divided field. 

(2-4) Field division of the document image is carried out for every description of a component, 
and the processing time at the time of watermark detection is shortened by not embedding a 
signal into the part which can hardly embed signals, such as a drawing field, and a detection 
error can be reduced. 

[0135] As mentioned above, although the suitable operation gestalt of the watermark 
information embedding equipment concerning this invention and watermark information 
detection equipment was explained referring to an accompanying drawing, this invention is not 
limited to this example. If it is this contractor, it will be clear that it can hit on an idea for 
various kinds of examples of modification or examples of correction in the criteria of the 
technical thought indicated by the claim, and it will be understood as what naturally belongs to 
the technical range of this invention also about them. 
[0136] 

[Effect of the Invention] As explained above, according to this invention, there is the following 
outstanding effectiveness. 

(1-1) In order to embed by the difference in the array of a dot and to express information, it is 
not accompanied by modification to the pitch of between the font of the original document, and 
an alphabetic character, or space. 

(1-2) Since the concentration (the number of the dots within the fixed section) of the dot 

pattern which is assigning the symbol, and the dot pattern which is not assigning the symbol is 

equal, it seems that half tone dot meshing of concentration uniform for the background of a 

document is carried out to people's eyes, and existence of information is not conspicuous. 

(1-3) By making into secrecy the dot pattern which is assigning the symbol, and the dot pattern 

which is not assigned, decode of the information currently embedded becomes difficult. 

(1-4) The pattern showing information is the meeting of a fine dot, and since it is embedded as 

a background of a document on one side, even if an embedding algorithm is exhibited, it 

becomes difficult to alter [ of embedding information ] it to the printed document. 

(1-5) Since it embeds by the difference in the direction of a wave (shade change) and a signal is 

detected, even when some dirt etc. is in a printing document (since detailed detection of a 1- 

pixel unit is not performed), stable information detection can be performed. 

(1-6) In order to perform information restoration using all the information that repeated and 

embedded the same information and was repeatedly embedded at the time of detection, even if — 

lack of the partial information by a signal part being hidden in the alphabetic character of a big 
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font, or the form being dirty occurs, the information stabilized and embedded can be taken out. 
[0137] Moreover, according to this invention, there is the following outstanding effectiveness. 
(2-1) Since the signal which becomes possible with detection by the alphabetic character field 
of a foreground and the lap of a dot pattern does not concentrate on some bits of the symbolic 
language showing information when embedding information for the background of paper by the 
approach to twist sense of incongruity visually by the minute dot pattern, even when an address 
is made by degradation of the detection error at the time of signal detection, the dirt of paper, 
etc., and paper, information can be taken out certainly. 

(2-2) The danger that only what knows the embedding pattern can take out information now, 
and will try to be stolen in the embedded information by making the embedding pattern of a 
signal into secrecy by the third party with malice decreases. 

(2-3) The effectiveness of (2-1) can be heightened more by carrying out field division of the 
document image for every description of a component, and applying the optimal signal 
embedding pattern for every divided field. 

(2-4) Field division of the document image is carried out for every description of a component, 
and the processing time at the time of watermark detection is shortened by not embedding a 
signal into the part which can hardly embed signals, such as a drawing field, and a detection 
error can be reduced. 



[Translation done.] 
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^Tisii:?f§tr«y hc^fjs-rsffiit^ts-r^T©! 

^7 x - 7L y h 7 ;l/ ^ eT 1 1 Sfc&*ri#©|g 9 iE 
LH»fcP5i:«tf IrtiU *©iQ«ittf ^tu!2 
~^7x-7L7 F7 tSJttSWEKy 

[0 0 2 4] $ft, *5BB©ffil©«jiSlcJ:tUf. ±E© 
2^L1f^aftii^gH©J£ffl^Ji:LT, «T©2j^L 

sjEaafflsioFyh^-y^^oidfta 

[0 0 2 5] fdE'^-y^Stt. HKtiJEFy h 
/^-y^EltSiit, buIBF-v F^*-y©a*5i 



7 

W*->Z^<ofr (083.14, 2tt±) glbTftilE 
K» h/^->OfiE«*frV\ fifflE&ftBttkfiilfES 
*» LB$ k T fe ^ffitfRjIgftiuie F 7 r- / < 

*->©& (wt. saFvh^-yafcfsrrs) t 

[0 0 2 6] it>**«Ktt, «dEfiEl*fTofc*a 
fifth*? M*->ft©»ft*»tiU »»3B««fc/h* 
ft*. »»Oftfc!)fc«lMBI*«au ffPffiHU 

[0027] ffl&w-vn^&miLitmEMto& 

C kffRTIIlTfc*. 

[0 0 2 8] MG3m<MflW#nu &#!KB«u 

fct«aftKJEafta*/<*-y*aK-rsc: t 

T, OCR (Optical Character R 
e a d e r : ft¥&&R#«>>8» *E^Ti** 
SftkOflftfrMS (ftttBftfla) *firi\ MfEXSB 

[0029] jtmmtjtrsttttBKffiiotsji. f 

GSfrbfllSi) *HR«KSi:A,i!a4i>ii 
ftftvMB* HOfH«) *'£5<:ktf#fr5ii 

£tf£5„ C©ck?ft#iJgfiSct4, UMBF-yM*- 

[00 3 0] 

*5fiWK^*a*»LflMBai63i**l, Rtf, afrb 

§o ft*, *w«»aifHffiic6^T. jtuwtn-o 

[00 3 1] (Hi ©ItjSOJ&K) 0 1 it, #HS&©^ 
[00 3 2] G£fr C1f Sga&ii^SB 1 0 ) mfr b1f 

^a^ii^gH i o it, £t -f-* kiitsaatra 



(5) #12 0 0 3-1 0 1 7 6 2 

8 

SiT-SSo l^LttWiibi&Mtl 1 014, 01 fc* 
life J: 5 fc, £*f §!J£j£SI3 1 lt, a^LnM^dov 
1 2 k. 3frLX?>&*B<teJt8i 3 k. Uttr'W 
X 1 4 fcti 0«i£*nT^4. £»r-2 1 5 «5» 

[0 0 3 3] &MHg£ai 1 T'tt, i»r-* 1 5 

io «. snm4>oenMWtt{9t>Q8i$ft4:i^T 

as. #nss©»i§m a^«ffi£i©>r>* » 
ft) -eeumzfTiztzttmtLTWitzti 1 , *5SB 

[00 3 4] 3frU«ttE&8l 214, a«1i$8l6£ 
7^*;WfcbTRttfc£Slbfcfe©*N7G^{fc (N 
tt2«±) b, &€!§©&•> >*;U£££frbJ6ffl*b 

20 ic F 7 h £E?JT 5 c k ic J 9 ffit©Sfii k 

Tfct©T-fe2. 0 afrbB{§l4, cn&OM^feSfi 

[0 0 3 5] 2*»LA5X»B«^JS» 1 314, 3»B 
<8kafr LB«*afc£fe#Tafr LA 5 ©£»B<££ 

5. bfctfoT, £«B«cSI5l 1, SfrLBW** 

gpi 2. a*»LA?)X»B«^«aJi 3«y'jy*K7 

30 -f^©*©-0©ailkLT^S^nT(/^Tta^ 0 
[0 0 3 6] EPBij3i:»2 0(4, 7C©t»f-^ 1 5£W 

[0037] (a*^ bit n^tBSH 3 o ) Mfr u* a« 

UBSl 3 0 (4, 8BK*t"^g!lStiTt^4»*H«k b 

x^^ii*, a*EsnTi/>5«ffiis^%a7tt5gt 

t. Wjf/WX3 1fc. afrU*aj«3 2fcCJ:t>#| 

40 [0 0 3 8] A*f/WX3 114, X++tftk*©A^D 
ttCEP»J«nfcS»2 0*^«ltll©^U 
-fiWtkbTlrWlKlKtJjitr. Sft, a^b^ffigP3 
2«. X*H«c»UT7-f>U*»!*fTV\ SftiiS 

[0 0 3 9] fiLh©J:5 t*«Sn5a*»L«ffliaftii 

i osria^bitffi«fctjsi3 o©ftftto^T 

KU3*5. St", 01-11 l*#HLft#6. a^b 
50 [0 0 4 0] (S»B»fiicgi3 1 1) £»r-* 1 514 



(6) 

9 

HP 1 lit, CtD^T-^l 5*mz, Jl^StWWJ 

z&tc*mmm<-v£t mm a 0 z. ©£»b 
mm) titfiT-fet), $k^mm mftovwm) 

[00 4 1] GS& LBftJBlfflft 1 2) Mlffffi 1 614 
[0 0 4 2] 0214, SA^LB^figgPl 2©jQJI©)5it 

ntsimtwBT**. sr. whimm 6%ntc??^ 

tm&tZ C*ry?S 1 0 1) . NBflEScTfeS^, 
'*IOtO«l8f tt«W*»acr5fc*N= 2 i:T5c 
Stot, Xr-y^S 1 0 1 Tf&ateftSiWtt 2te??^ 
T'fet). Ofc lCVfyhWTSasnSfeOkr*. C 
©Xry/S 1 0 1 T-Br-*£*-©£3:?3H§fl:LTfc 
I^U T-**Bt*{bLfcfc©*«f9fl:LTfcSl/V 

[0043] fmmQfr»$fl'kit\sTfflr 20 

L^*tJ5ST5 Uf7/S 1 0 2) o SfrLffl^ 
fcttK?> (MB*) ©i»<£oTffit©&ft££|S] . 

a, ssicaa**. 

[0 0 4 4] ?e>lc, ®mtZtlTcT-ZWy hg||c 
y7°S103) o 

[0 0 4 5] ±I2Xt77°S 1 0 2fc*l^T. }f*tl§© 

**. H3tta^tfli#o-«*^tBiWBn?*s. 30 

[00 4 6] jSfrLfi^OUfcifSfc^ft^nSw, s 
hfctS. SwfcShttR4oT^Tt>&^#, *Hfi£ 
OJB«TliWH*«iK'r*ft» Sw=Sh tTSo ft 
S©*ffittB*»T$t). H3©WT*BSw=Sh=l 
2TfeS. £ft£©{l^tfiffiffiKfWJ£ftfc2:£©±t 
Stt, 2frLHf^»ft£fctt#LT43!), flittfafr 
LB&tf6 0 0 dp i (dot per inch:|f 

mm&?& t), if t) © k v vm ©eft 

■pfcSfcLfcft&tf, B3©afrLfl»©«fcS*tt. 
EPBK»±T'l 2/6 0 0 = 0. 0 2 W^f-) fc* 40 

[0 0 4 7]«T, HtB^j^Sw. Sh©Je»*10 

vmvmttT rm3--vh] tm&o 03 

( 1 ) 14, Ky HB©BI*«*¥llC»tT a r c t a 
n (3) (arctantitanOiIt)^[Rlti 
&©£t8fi|S]Ba r c t an (-1/3) T'fc 
So WT, il©«fa-yh*a->y r-Aii&T*. H 
3 (2) ItKy HB©Hl«»*¥il£»LTa r c t a 
n (-3) ©73lfi]fcffiT&t), fc©<a»7a|o)Ba r c t 
an (1/3) Tfcfto «T. :oMa-yh4a; 50 



2 0 0 3- 1 0 1 7 6 2 
10 

[0 0 4 8] 04B, 03 (1) ©ItlOHKar 
c t a n (1/3) ©EiRlfrSJ&fcSrffiBTfcS. 04 

^ft^W#ttS©B*B©BfcftoT^<&. 
[0 0 4 9] Ky h*WlcEH*ftT^5«Wi 

au-v hfefc5©jssst4 2t*5c »©£srafi 

(4 Ky h*HBtiS«SftT^S*lR|tSSfcft5ft«>, 
a- y f AC&BTk^ltOKftLT a r c t a n (-1 
/3) , a~y hB©fiBa rctan (1/3) fc£ 
?> 0 a r c t a n (a) ©^[Rlt a c r t a n 

(b) ©7jft#S«©i:t,- aXb=-lT'S5. 

[0 0 5 0] *&»©»»■**«:. 3.-7 h AT'S^^n 

aa^Lflif C'»#;i/o%ii»)aT, a- 7 h btb 
[005 1] a^LOTc«:Bi3 (1) , (2) -mt 

tt*fc©W*fcfc. B*tfB5 (3) ~ (5) T'^Sn 
5£5fcKyhE?yff#*61iS. 05 (3) 14, Ky 
hP^©S§lt^7k¥tt£WLTa r c t a n (1/3) © 
£lfcKl!&?a&*>, S©<2jf £[r]B a rctan (-3) 

S„ 05 (4) (4, KyhB©raW*¥«C#l/ra 
rctan (-1/3) ©£BfcBTfc»>, »©fiJK 
fiBa r c t a n (3) T'&So WT, £©ft*§-L^y 
hfca-y r-DfcjffrtS. 05 (5) B, H'yMW©E 
IW* 3 FWCJtbTi rctan (1) ©£[r]££T*£ 
5, &©£«KflR]Ba rctan (-1) T*&5„ & 
fc, 15 (5) B, Ky.hH©e»*Vk¥*&KftLTa 
rctan (- 1 ) ©^frlC^T-fet), »©£ll&ffiltt 
a r c t a n (1) T'£§ fc^fcSC £ fc-ptS. « 

[0 0 5 2] ilOiptCLT, ftttJ!?aT^dB*^fo 
•a-W^tt, i/>#;l/0 fci/^*^ 1 £fj 0^X30-=. 

yh©a^te-e-©/^->^aa#ii6n«fcii), h© 
a*»i/fli^H©5/>#;ncw»)aT&nTi#^fr*8 

[0 0 5 3] Z<b\Z, 02tC?NbfcXT7 7°S 1 0 2 

|f, V AlZfi^mVisyXtlOZ, a-yr-Bt 

a-y hCt-»#;l'2^, rt--yhD 

[0 0 5 4] 03, 05tSLfta*^Lfl^©-ff!l£fc 
^T14. la-y hcfJ©Fyh©IS*r<T§L,< UT 
V5fcft, >ne>©n.-y>^ffl&<M^SC^tJ: 
9, a^LB^©I.fr^©S^A^-i:^5o Lfc^o 
T91BiJ^nfcffiffi±T't4, #-©iMt*JtO^U-B« 



(7) 



11 



[0 0 5 5] «:OJ:a4a**flHtfc»t. 0>J*.l£, 
-y h E*tt«n y h (.i/VXMmWZ&trt^ 

r^m^-yh) tzmu ctimm<M^xm 
a - 7 h b) m^bmmmmtsm^t, a&&& 

•5tti>ffifi©fS^-7 h (a- 7 HE) fcS/J/tf/U 
a- 7 h (ai7hA. 117 hB) t£Aftfi?LSo 
[0 0 5 6] 16 (1) «H7hE£fSii7hfc 

set, cn^F^<iit<Ti^bii®<ott^tLfc io 

if^^-n^lT'fc&c, 16 (2) «16 (1) Of 
tB<£©4>Kn 7 h A£a&i£/Uc-0!l£* U 0 6 
(3) 1216 (1) ©WftBli©4H;:a-7hB£iIi6 
iy^»&*LTl^„ **Si©®lT'(i. If Mil 
7 h^lfrLBHOit SfctSSSKO^TRMt* 

[0 0 5 7] ftf fg© 1 -»tf;l/%2frLBfi 

ta&iity75jitO^T, 07 £#F,gL&tf £t&Bjl-f 
3 0 20 

[0 0 5 8] 17&, mfrtm&'\<D~yyX)lWlsb&fr 

ro l o u £t,^e7h?iJ£a#iAtrii£fco^TSi 

[0 0 5 9] 07(1), (2) tC^tcfcatC, mCf 
i/y$>l3.-y V<Dm%L®lttiiS<0'W-y (U 

t, a-7h^?->»t5„ ) affire&Sc 30 

[0 0 6 0] t&fc>-&, n-7 Y!l$-y<D-mtL 
T, 17 (1) ©<t3tiii3iIL^4 (100:1-7 
h/^-y4>K4o<Di/VjP;l/a-i7 h^#ar?>) £ 
Lfct), 17 (2) ©J:5C»!>igUS*2 (lOOi 
17 h/^-ycft 2o©->y/P;l/a-7 htf#ST 
3) £ Lfc 9 -f* &6tWi, Stilus* 

1 ( 1 001-7 Y/^-ytpwt 1 -DcDi/y/t^l/ax 

[0 0 6 1] £ fc, 17 (1) , (2) tt 10tD-»# 
/Hi 7 HcftLT 1 £>ftT^3 40 

tf, 17 (3) Oi^O^H-'yhOEl^?-* 
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y\znLx ! yyf^^7iX^\ 

[0 0 6 2] l^-^©iifrLB#04 , t{5It*7 hO 
1ffgl*afe&t?;:ttfT*£S*Hi, ffax^^ 
#2, 117 W^-V©***, £»H{t©*#£C 

&#tSo x»a^o7j<TO[Sii:sa^[p]t^<oo{i 

l^L, A*gBfr£Aft2ttfcBfl©*t£t{I^ii 

[0 0 6 3] 1 >"^-0]i^LB^07K¥^(fi)t P w 
ft Stt£lR]£ P hfl©ii7 Y'^-ytfMtb&tbZ 
tt%£, B^offitoftfon-y H/^->%u 
(x, y) , x = l~Pw, y = l~Phi:S3iU U 
(x, y) £ {3.-yb^f-y'iWlj mtZZtlZ 
tZo ttc, 1^-: VKMtb&tsZttfXZZEyVm 
Z mtb&frVyhm] mt% a yY&& 
P.wxPhT'^. 

[0064] is a. ®mmzmfrL®mcMib&ts 

^SSmo^T^bfcgitniT-feSc, ZCT*lt\ft (1^ 
©igfrLB&tc, lli;ifiB£Si>)5f tafciit? 

3ifrLB<§t£*B^£Sfc£b#f;:i:ttc 
l ooii 7 h/^-^fttf^o^n^ftifLT 

a&^t^m-fsj^&jfi&Tk, sfca/jsat 

[0 0 6 5] ft", $£1ff8l 6*N7cl?^t«Si1-* 
(XT-yfS 20 1). 120Xx77 B S 1 0 1 tlUfll 

»u 117 h/^-y©i^t± of-^^ 

g3Stfc*.O^T-^^H7 hD u mt%>, 
[0 0 6 6] %^X, T-2ft*t©fr^ft (C CT'tilf 
•yh&) i:afeii^f7h^f», lftOIitf-? 
Iffiiy H^fa&ltSlLafciMyc ttfTtSfr*: 

g+wrs Uf77"s 2 o 2) „ ^mmmmxnT- 
?^©iifif-^ii7 h/^-yfr^om i 

[0 0 6 7] f-?lffli7 h£a#>3Mr[s]gS{D n 
tt, T-*fr*fft£C n t bT«TO^Ttt»^tl5 0 
[0 0 6 8] 
[&1] 



Dn 



Pwx(Ph-i) 
Cn 



[00 6 9] CCVm^Rn (Rn = Cn- (PwX 

(Ph-i) ) ) ttzt, 117 Y/^-yffl\mt 



50 



n t*7 b#c*§^t 3117 h/^-y^afejAty;: t 

\Z%.Z> 0 fcf£L, »^gP^ORntf7 htt^t'Lta* 



(8) 
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[0 0 7 0] m9<DmWT<lt, n~y h^-yfi^J© 
■9-^X^9x1 1 (1 ltr9?lj) , T-tfif%mi 2 
(0(pT*O~l l©##tfOV>fcfc©#T-#??-§©& 

??^ffi^Sto-r) its. 

[0 0 7 1 ] #^T-, a-y MSr-yfrJUO* l fr@ 
ElWftT-**iai&tr (Xr-y7 , S 2 0 3) . 09 
©WTttlWfi* 9 t"y h©T-*T*ggiL-T 1 jgfctt 

[0 0 7 2] ?6C, b^*->fT?y©352ffW 

7S 2 0 4) . H9TSt±5Kr-*^#OMSB 
(most significant bit)$fctt 
LSB (least significant bi 
t) *»60Cff*lRjtai6iitr. 09©£BI?«T-*ft 

Sfc&AT-^sflJfc^LtvSo 

[0 0 7 3] r-*©ffl«)ji*^iffittBI9 0J:5tff*' 

fit a 5 «k 5 fcSfe fc At \, 
[0 0 7 4] W±, SfrLBfflftfflffl 2£*5ttS, 3 

»st i o oa^tAt) jdnflkfriAV 1 3 icov^tk 

[0 0 7 5] (3frLA!J5WH«£jSan 3) SfrL 
AW»Bf§s£fiESin 3 m 3»B<S«|5l lTfls 

$ L - fc*»a« t , a* LffiMMSPT-ff fig Lfca* l 

B«*lfc^fo-e-S. 3frLA0£»Hg!©&BIII©{fi 
tt, *»B«ta*»LH«0»J6tSH*ttCDliffiia« 30 
^ (AND) ICioTlWr*. -r&fc"&. 
afrLH«0£55fr#O (SD Tfetitf. a^LAt) 
iflSciltttO (H) , *ftttfltti (fi) tn* 

w 



SwxUw 



* So 

[0 0 7 6] 0 1 Ott, 2**bA»)i«i«©-ffil*^ 
"rtfflBT**. 01 1 tt, 01 0©-gB£ffiALT* 
LfcBWIBIT&S. ililf, a-vh/<*->ttH7 

(1) ©A^->%ffl^T^So a^bA*3^1B# 
ti, th^T/UXl 4tJ:!?ttift2ftSo 

[0 0 7 7] JKJt, 2*»L«ffl8ftii*8H 1 .0O»ff 
tCOfT^WLfco 01, Rtf, 012-02 

^TSia^tSo 

[0 0 7 8] Ca*»ttttH«3 2) Hl2tt. afrL& 

maP3 2©jffla<Ditti%^-ratiBT*4. $r, 
i) o c<DwmktiwigLtw>t%o Mimmtzms 

m-h*>, ttTPtt 2 5 6PgSi©?WB<£i: LTRIH 

tSo zrMwmmm (AAf^ux3 it-si* 
atrfct©»«» it, ±Ea^tt«s«>ii*iEii 

OT^tfcaA^X^XSB^tS^oT^Ti^^ 
AS ccT*tt±Ea*L1U«a«)ji*S»l OTfMtL 
fcB^il^Dg|»)tT-feStbT®JHJtSo ffc. A* 
a*ttlallE J f»#aaHoaiE^(TtotiTo^t©i:t 

So 

[0 0 7 9] *^T, AftB{ts©*t2i:«*fa- y h 
©At£fr5>, b/^->A^^<oa*6jASnT 

i^frSrftsts (xr7^s 3 0 2) 0 mawim 
&©*t*#w m xh T*$>st lt, 

a-y K©A£££SwxS h, az-y h;^->(iU 
wxUhfflOa-yhfrSfcjfcSftSfc-fSi:, A£B 

^tafeiisnT^sa- v Y*z-yoy& (n=p 
wxph) tt«To«katfWsn5. 

[0 0 8 0] 
[§52] 



Shxllh 



[0 0 8 1 ] fcfcL, 3frL««8fcii*81 1 0 t& 

BOlWMOlktioTXABil't'OOTa^y h©* 40 
***IESfl;L;fcft, ±E<DtW*fT$. 
[0 0 8 2]^?, Xry^S 3 0 

-y©E«»>fiM*R£t5 (XryyS 3 0 3) „ 0 
1 3ttA£Bfi (013 (1) ) fc, =L-yh^^-> 

om>)mm%.im<Dkm® (013 (2) > 

©-»£*LT^5o 

[0 0 8 3] #^T*. a-y J»/^->-OE«5irtlc 
*a7EtS (Xf7/S 3 0 4) o ttTfc. ffi^fttHO 50 



[0 0 8 4] 01 4tt, A^B^fNcfettS, 03 
( 1 ) Lfca- y h a fciffW S «#©-»£* L 
fcKHHTfc*. H3T?ttffl*a-y htt-fflB^T'^ 
SA^, eiuT'«^fIB^T-$So ZttB«%91giJtfe« 

tc^rSo Lft««oTHl 4*3fi©Qfteri«oi: I RTftSlRl 
*»&Hfc*fffiHttBI 1 5 © «fc d t 0 4 aqgJKft-p 
SS©t^U, 01 5ttiH&frft»i:fc5. 

[0085] tft. mRt«:aojp«<!)jam«*a<b 

©^$Sttttif©SHlc±»). A*B»*ttt^<©» 



(9) 
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[0086] ttTTttx*aaa»6«3.=y i»*«ttt 

ttTTtt. Z#7c7x-7Uy h7f ;l/*©— 



- expl -iel— 



16 

* -;l/7^;P^T*Siaitta:< . SSfcttflWa::? h 
fcHCKy h/<*->*80Ty7V-h*£«LT/< 

[00 8 7] «Tt3ff#-;l/7Y;l/*G (x, y) , x 
= 0~gw-l, y = 0~g h- 1 %i7r<to gw, gh 

[0 0 8 8] 
DR3] 



5 Z 



x exp[- 2jb^(j: - *0) + vO> - .y 0)}] 



x-0-~gw-\y-0~-gh-\xO<-gw/2,yO°gh/2 

(2) a^yh/^-yu (x, y) 57-f;l/* 

Btomtsm (i) fcRHwctwu iin^Fu (b, 

20 x, y) ttZo 

(3) Fu (A, x, y) fcFu (B, x, y) 
U Fu (A, x, y) ^Fu (B, x, y) T'htlli 
i-^M^f-yu (x, y) lzmtb&%tiT^Z>~» 
tOl/ar-y hfiaz-y hAT'fe^t^L, Fu (A, 
x. y) <Fu (B, x, y) -pfttUfa^-y 
>U (x, y) lzmib&%ftT^Z>i/>X)l3i-y Hi 
a-y hBT'$5i:*iJ^ti.o 

[009 4] (1), (2) fctel^T, 7*;l/**£» 

30 &WftffitT?©Hi7je©**&raLTfc,}:K Sfe. 
(3) T'Fu (A, x, y) tFu (B, x, y) ©M 

[0 0 9 5] $ft (1) tCfcl^T, 7-f/l/** , f6Ua: 
/ - I" *«6ny#Ua-S/3>*tHlt5jSei?. F (A) © 

* KU (x. y) tfflftiiSnT^5'>y#^-y htt 

(2) £3bWE>H«C, F (B) ©«*{Itf$5>fr D 
40 J6£tf>ftl8ffi£@3.ft*§£fc, ftft-etU (x, y) t 

[0 0 9 61J&U:. fi^ttffl (7ry7S 3 0 4) ©P 

ato^Tiwii/ft. stf. hi 2©«nBtg>). « 

^©7ry7S 3 0 5KOl,vrBWH1"5. 7xy 7S 3 
0 5T*tt. a-y M*-Vff5»J©5':'sK;l'*aeLT 

[o o 9 7] 0 1 7 ttisi8a7co-«i*^-rsiWBnfa& 

50 (1) #a-y hrt*->\zmit>&£tlT^Zi/>#)l' 



tan _1 (u / v) : & ©TffFl, Vu 2 +v 2 

[0 0 8 9] (i^ffitai^LB#tSfcjAA,fti/> 

-v hBtJftS-f $^#-;i/7-<;i/^*7-f;i/*A, 7 

[009 0] A7jH«*©ft*©ffil-e©7-ni/*tB*» 
«tt7 -c £HM3©:3 y a-s/ 3 >K J: D ItS 
*4. *#-;!/7-<;i/*©«^H:Jlft7-f;v*i:jJia7 
(*«7-<;l/*H:|l»7-f;l/^i:¥»*»fiiffl*< 

t i*ftfc7*;i/$o A^ftfsftfe, *n&©2j&¥*Mi 

'*7-r>]/*tfjaflii:t3. 09*fcf." 7w;i/*A©£tS7 

tB73lF (A) ttttTCSfttJIt*. 
[0 0 9 1 ] 
[R4] 



[0092] 01 6«, 7T77S 3 0 3tJ:oTE« 
c,tlfta^>y h/^->U (x, y) *lcS46Ji$nT 
l>5S/y*;l/a- v h AT'$.5A^a- 7 h B 

So 

[0 0 9 3] a-'vh/^-yU (x, y) tJttSi/ 

(1) 7^yl/^A©ffil*»»L4*«6, 
->U (x, y) ^£7)t^T©filtO^TF (A) £ 
tt*LJUS*©ftfc«*a-y h/^-^U (x, y) 
tWtS7^;I/^A©a*ffli:U iin^Fu (A, 
x, y) fctSc 



(10) 
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*mts (0i70). 

(2) -»#;i/*aisuTT-*^*ti7c-r« oai 

70) o 

t (Hi 7(8) . 

[0 0 9 8] HI 8~H2Ottr-*13*t0«7fi£a;© 
©fflSfcftSo 

[0 0 9 9] $T. a-yh^*-yfSWOSIlfT*»6 
«HWlT^*aP»*«0iaLT. Si6&£ttfcT-*fr 10 
^OJ9W**ft* 4 0 1 ) = 

[0 10 0] <*^T-, h/^-V^JW'l'Xh 

s 4 o i •?mtT-9fi%toim&zt>£ic, T-*& 

hftgfc&AJEpftD n fcj: tf»&R n £ff* 
t£ (ZrVfS 4 0 2) o 

[0 10 1] a- 7 h^*-yfr5>J©2frgW 

BfrSXry^S 2 0 3 tm^X'r—$tm=i-y 
YZmitit (XT77*S 4 0 3) c Si 9©0STttU 

(1, 2) (2'fr 15U) frSJUlc 1 2<@©^^-ya- 

(U (1, 2) ~U (3, 3) . U 20 

(4, 3) ~U (6, 4) , • • •) o Dn = 7, Rn 
= 6T'fcSfci6, 1 2@<DAfi-yjL-y h (r-£ft 
fa-?h) «7@lRytfi£tt, *J&£LT6{1 (r- 

— y (u (4, 1 1) ~u o, 1 1) ) muttizn 



[0 1 0 

fc<kt>. 

S 4 0 4 

So 

[0 1 0 

ff 1 MS 



2] Jfc^T, 7>T7 7*S 4 0 3Tffit>HiLfcT 

) . ttT. iff bWflllffiBinco^TRfl-i- 30 

3] 12 0© J: 5 £:!.=. 7 YXZ-y'ftWVZ 

fr$mic®*)tii-£ titer -mm-- v h£* 
Dn 
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* Du (1, 1) ~Du (1 2, 1) tL, JR&D'u 
(1, 2) ~Du '(1 2, 2) , • • •, fc*E*«. 
Sfc, *J^gC»ttDu (1, 8) -Du (6, 8) tt 
So eyHMS*3i{i*r-*^a-yhOB*ir 

ftOfttBBOBnft^^JgB-p.- ffS©r-*?3Hf:i.=. 
7 htfOffiS©a.-7 h3^6EL<#^ttffl*ffi4*» 

< T-*£H§*«7L-fS C fctfT"£ So 
[0 10 4] JUM9tttW*tf7*-*ira©l ^ 7 M 
tt, Du (1, 1) , Du (1, 2) , • • •, Du 
(1,8) <Dm&m%tf 1 Tfc5#ff£^*&Kfi 
1 i:¥iJ^U 0 T-fc5£#£^*£KB 0 fcffltt*. 
.^atT-*«W©2eyh@ttDu (2, 1), Du 

(2, 2) , • • •, du (2, 8) nm^mmkK 

BDu (12, 1), Du (12, 2), • • • , Du 
(12, 7) (Du(l 2, 8) H^ftL&Wci&Du 
(12, 7) £1*1:45) ©OTttfflttatiS^Sci* 

[0 10 5] t*7 Miffl£8»i, 0 1 6©«^«tb7 
*;l/*©ffl7Jfi*injrt4C tti-oTfefr? t t fet* 
tS 0 tfttt. mtfH3 (1) (0=L-y hAtC0(Oi/ 
y$)\<im*)%Tt>iX m3 (2) ©a^FBfcl© 

ST5nT^* fe©i: L, Du (m, 
n) £^S7*;l/*AfcJ:*lMjfiI©****Df 

(A, m, n) , Du (m, n) KHt&7 4 /I/£BK 
<t5tti^fI©ft^tt^D f (B, m, n) £tS£, r 

-^^©Mt*7hsa. 

[0 10 6] 
0R5] 



Df(A 9 M,n)±yDf(B,M,n) 



[0 10 7] ©*£tt 1 fcfflSL, *n#tt©«£«o 
fcWSt*. fcfcL, N<Rn©«£«D f©JmJfttn 40 
= l~Rn+l£T*t&5o 

[0108] c c T'ltT-zfinzm <o i ma&tj« 
[0109] tt±BwcKiBLfej:5ic, *&&©&s 

( 1 - 1 ) F 7 h ©E?iJ©itW;: <t 0 a*ii*1ff $B^a 
StSfcft. 7C©£»©7*>h SWWtIII©** 
*fc*tt-*«H*#fcttK 50 



(1-2) ^>*/U*«5aTTV^*Kv h><*-> 

(-SEHrt©K7h©S) ii|U*i&, A©Bttt 
£«©WIUc-1*&itg©8»tf£ftT^ScS: 3 tH 
A, WB©#fctfBAfcftv\ 

(1-3) S/>*/U*ll!)STT^*Ky 

t*. S46a s £nT^sit^©)gK^aiti:4So 

(1-4) 19«*$bf/^->tt«B^K-yh©jfc£ 
0T. £*©ftJtfcLT-ffi£ffl«>&£*ttV5fc«>. 
a«>ii*7/l/J V XL.ff&MZftrz£ LTfe. EPBiJ£ft 
fti»tWt5a'ft5i*1B«©a«'A,*<H8i:44. 
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d-5) ^ asacft) (omom^ic^mtb^ 
d-6) nwMR;Mi!>£uift&&. mmwrn 

fiotztb, *t47*yF©^E«fcoT^S##H 
StfJTCttfT'f 5o • 10 

[oiio] mzammm ±sa* \ <vmm 

-^*RDBTERF^ftH*ffi^TfiF^B (Commit 

CSSiLft*^. 0, lOlfy FJUTr-*tfSE£ft 
4„ Si'V^l' (-»*;i/0, s*c#;H) Kit^n* 

*->E9J©SJRtt) tf'Jv£^»£. Fvh/^-XD 20 

[0 111] 2^L^ttX»B«<D*«fcLTa*5i 
£ft*fc*. <K*gfcTF-v F^-VO-ft Sfc 

it. «*ttffllitEKyh><*->**ffl-e#a^. ±E 

fcl#\T. Ftf 0T'£4fr 1 T*fc4fr©¥iJ 

£-ytfk*5&T'£4fr©£$&ftH©£&t<fc4= ft 
oT, FyM*-V©*ffl*^rilfca:*tffl (** 30 
fS*fcSftofc1B«) ffif^B©*^? FEifetLfc 
i^^a-pfc, *©ti-yH4, 02 1 E;SLfc<k3£, 

[0 1 1 2] 12 2 tt, #HS!§©JB®Efrfr4jSfrL1f 

Eg!-?**. ±essi ©*»©»« tctra^a, a* 

2 ft, llSli±t20J:5«tlll*Tj8frLOT*Elt* 

[0 113] *OftO*WMI6toi^Ttt. ±fE3f 1© 

U *m®BBVSimz-D^T, ±E!B 1 ©*«©» 

[0 1 1 4] 02 3 it, -y%l%.® 4 2, . 

ft £ tf 8fr LBfiJgJ&SP 1 2 ©fflfflOflEn** L T ^ 
3. KiTHStlftWM (7T'y7S 5 0 1 ~S 5 0 

5) flwa&*/<*->*Js»4 2icfflsta«#-efc 50 
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4o 

[01 15] a«>a*/^-> ! PJS»4 2©agit, & 

t. SIB£fl»©Elf*fif3t&£. fifc^fUFttOSfc 
ii*/^-ytfi£oTa»i^^*^t, £¥kl&4 
^m^i:©gg©fJ^T^S©t*7 F fc*«fr**25 

[0 1 1 6] flwsrL, A»*ta*a&iifca»-e* 

4{i*f (F?F/<*->0 ft©55:fc*fc»ft&fcvMI 
N k tfc £ * , «HS §§©# e F ©waafcii* 
[sis &^tm%t>fimisb&ts<L£tfT>i*z>®w © 

¥JS*VttN/LT**. LfctfoT, ggWfcttlSHt 
tffeSfc. ^ft^@ftL^*&*ft*»ofelfy Fit, 

flWttamffcfflrattwtRt). enBij^©ffi®©?fn, a® 

5-* T-, >) =FRTfiB4 1* v F < JtiS <T 

w%a«)ji*iBia©¥^fiK3a^^ffl-p*s, 

if 9 F©*j&aaii*Eis©#» (Sfctt*jpffla) # 

[0 1 1 7] XTy 7°S 5 0 inmfrL£Lxmm 

«itf27a?#ES»bfca^. 0, l©!£yF?ijT'T 

1) Ktt*ti*«iW-*Kvh^*->3(WJ&r*. 
[0 118] Xr-y^S 5 0 2-S 5 0 4T*ltNpSS 
©afej^/^-^EOVT (Zfy-fS 5 0 2), a 
feiife 5 kt4??€i§©#t'7 Ftfi*1««2:«ft5« 
£©&£, #t*7F«E*7>bt4 Ury7*S5 0 
3) o 

[0 119] H2 4tt4tWoa*a2w<#->OWT 
64 (Np = 4) 0 02 4 (a) tizk¥7»3iBiLT 
<i#*S*ii*. .(b) ttSESfilKaa. (c) , 

(d) Bttfc#ft£ailLTOTSffllM&A/e^5. C 

4c ?6E, H2 5©J:5t*»li«%^<0*»©7"n 

[0 12 0] m2 6im^m<D&l£ZtlKM-3^TVv 

tl 0 £ «B^©^1 k LTEHt 4o 
[0 1 2 1] 02 7 (a) 1402 4 (a) ©a*ii*^ 



(12) 

21 

*-Vfcf&oTB2 6©j^R*Elbfc«H**LT^ 
3 0 «lilTttH2 60mlf'y hg©F-y W^-V&l 
2@a»iiSnT^4. 02 7 (b) ttKyb/^-y 
©ffl*KW*J£^afcfcto'£fcfc©T-fc5. 0©<fc-? 
t, ?P§f§©m h* -y h g It 1 S § ©ES^a^ S4 
oTlvfci^tf. 2@B©en?tt:£?i:lftoTV3. 

hBtfi?tlft6-fKEtTtfc«^©a%N (P, 

m) taaets. «wB©*e-yh©*rtwii6a*Hft 

©$tfDT (P) 14N (P, m) ^m=l~L$T'iD»L 10 
fc &©?$»>. ¥^*^Si6iA^liaE (P) I4T 

(p) /Li*2,c ctu:t», *aa»ii*ig»©»» 

14. 

V (P) =E {E (P) — N (P, m) ) 2 } 

[0 12 2] 1-^T©afcii^^->t'OV^TV 
(P) *tWU Xff^S 5 0 5CiOV (P) ft* 

fc/M < 4Sffl*ii*/^->%aK©i»li«£3«- 
[0 12 3] Xry-fS 5 0 6TH47.t-v7 b S 5 0 5T* 20 

U i»B^tlta$t)-&5o c:©fct0 2 ST^ti 
9 t'vy $HtfBif «fc if©a«>ii*/.^-yTffi4&i^ 

It J: 5-f-£©ffli&3i*/^-y7f1l! $8tfEB2ftT 
^5fe©fT5o 

[0 12 4] <^T', 38A^L*tB»3 2£O^TBMB* 
5„ H2 9(4a*»Lttai»3 2©«ffli©i!i[n%*LT^ 

5o xf7 7*s 6 o i -eajJMBntt'wjrmttfi 

tcTSc Xr-y^S 6 0 2Ti4ZT7^S 6 0 1 TflEc 

LfcN >v & <M^a&&#; < * - >z® *) mto 

Zy-v?S 6 0 ZT'&T.TV'fS 6 0 2T$^tbLfcS 
•y 7 S 6 0 4 T"t4fr*f fg©£ £ v h *fc $ftft« *) , 

to 

[0 1 2 5] 433, 0 2 3©Xx-y7 e S 5 0 6T'l4fflft 

sft*ft6tfafta*/<*->©Ea»*f ic. 'nam 

T'tfc («*X7-©etftl\ S few**©**** 
:W&»>tiH*fc) ***afrL**fcl/CB!>tJit Cfcfc 

[0 12 6] Sfc, aJ6ii*/^->*ffiaftt5»& 

ta*j&»/^->©iaa%fT5iesittft^. cnaa 
*» ttt atf8fB©« a& o fc^£4 h t. sa&*/< 

^-vSiDlBttLT. if©J:$ft/<*->jW6*j&» 
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©i34BW-pflffl-r«li#tt, #f LiXry/S 5 
0 2~S 5 0 5©jBatff5iaBttftK 

[0127] $ft, a&3i*/^->©7D7^^sj 
(12 5) teo»TMUttit, vmmt>&»x*- 

l, *n^n©^D-y^-ps4sffl«>ii*/^-y%a 
[0128] i&mtix, mxnmm^<otm\c7kw-i5 

StMlftUMMwW-y (02 4 (a) ) *SUB 

ii©tt»««e«:t)jf>n\ «»t©i»icsesiS) (0 

2 4 (b) ) fclilLfcSfc&ft/^-VSSIBUyi 

[0 12 9] 03O«|&»§, Hft£#fflSEL 
fcS*©fiHT365o il©4:743tST'(402 4©i94 
LT 1 o©a©5i*/^->*afflt5 J: 
Ofe, ^<^©7ny*fc»«l/t, Jfft^ftfcSft 

©saaftiiSHac^ftffi^j: »> < « a 

£0 «lt&iU4ftlcRifltftJ:5ftH*©**«©7n 
v*K#fflLTfcfi^ff. £*fflft©lt®£fi?#TLTiJl 
Wa^iJSfroftSff^Mftttffi*©**!^** < 45c 
[0 1 3 0] 03 1 (a) ttH3 0©S»ft«»t, til 
»#9©»«tJ:tjT»tJLfc«T»**. £©#fj«0 

cR©M«iatLTfflv>^ni. rocR©a«*f (ttH 

¥0 4-03307 9) J 42©SS*^Tt*l/^ 
L, H3 0©i»B«*«/hLT. S5SS©^t?© 
**•«©*»&* 0**fcfflU * ©A^fc$ ^ 1 O©.^ 
n-yf tbTirtOLTfeAK 03 1 (a) ©«Ttt, 

H^2, *«4I4«W#©X?5U©*«, US 
5li«»t©A*W©*«, ««3ttH©««i:ftoT 

[0 13 1] ZLh&©$MK$lCH2 3©XT7 7°S 5 
0 2~S 5 0 5^5l\ #fE«©a*ii*^*->*a 

^■r^o 031 (b) ttffi««t«a&a«>a*/^- 

[0 13 2] i«MW2©J:3lc^MI«nfc*»4:^5 

«f8 i: . #««c»-r 5 aftii^/ < * - yam mt 0 2 

8©^y^MMBH«eBiUTfefi^U SS^©1flBi: 

[0133] tit, %9w®<p<Dmmmatmzmib 
ztsctmrnztcib, 031 (a) -ewttoWLtm 
K, HfustwssnfeStttttfi^aftiis-f. 0 
®«cfi^*a*as 4*> o te i: i> a miBfc'N -y 



(13) 

23 

jB3i*«t*i:i:*«-et*fe». mmm<D$m^M 

[0 13 4] W±iMK:KBLfc±3t. *IISf§©^Ss 

(2 - 1 ) aowRK«/h* K7 h/^-ye ioTia 

(2-2) !^©Sfcii*><*-y*8HBCLTi3<«: 
tT', afci^<*->*&oT^5fc©£tttffll«£ 

f-BCfcT, (2-1 *i&sci:#?t 

3„ 20 

( 2 - 4 ) £Sl&££$Mig©&&«K«ig#$J u 

[0 1 3 5] filt SWHffi*#BRU4* { 5*»Wt*» 
*»5g*»L1»afflft3i*SH. Rtf. 2^L1ff6^thg 

[0 13 6] 

( 1 - 1 ) F 7 F ©E?iJ© H *fc «fc 9 fflftjiftflf $S£S 
SfSfcfc. 7G©S*©7*>K i^ffl^fTfflOtr-y 

(1-2) S/>#/U«tlt) STTl^S Fy 
t, -»tOV^fJ!3^TTl^l/^F7 FA*->©g* 40 
(-£EHrt©Fv>©R) WU*», A©ifctt 

«a©#ftffB4fcftt\ 
(1-3) i/y#)l*W)%XT^Z Fy h/^-yt 
i J *> STTVvfc^ F 7 F LTfe < C t 

(1-4) «a%a^1-/^->tt»^F7 h©H3: 

9T-, %9<DmtLT-mkmmnT^%rz*b, 

fc3»fcflt5aft&#1ff8©&^tfffiglt2:ft£o 50 
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d-5) & areia?fc) ©siRj©»i^tj:t)ffl«>ii» 

OT**Blt*ft* ( 1 BiR#fii©l»&ttl£t7k£ 

^©to , m»jj»fc£'>©?sfta2tffcofc»a-e 

(1-6) Wi;lflB*llt)£t«J6ii*, ttttiRfcttii 

[0 1 3 7] Sfc. *SflUc,J:fttf. «T©J:5ft«i 

(2-1) «©1T«fc«*&Fy h/^-yfcJ^Tffi 
l£«lcaiBia©ftv^ffi-p«S*aftiitr«^Kfev> 
T, Wft©i?ffl«4:Kyh^->©lft>)tJ: i oT 
ttfflttfsrttfcftiflHStf. 1WB**btlWB©-»© 

try Ft^t*^*^©?, fl#^ffl^©^tB^ 

(2-2) fln*©a*63&*/^-y*as«tLT»<c 
tT, ffifta*/^->*fiiot^5fe©«w«a* 

( 2 - 3 ) %wm%*Mfmm<Dmm mmm u 

fSCtT*. (2-1) ©»**£•) tfTt 
( 2 - 4 ) £»ffl#*«j£gj|©#$»cfI$#fJU 

m 1 ] K 1 ©Hfifi©»«K*»^S2^Lfl!«a*ii* 
£E»&t» UfflffltttUSl©«riE*StHWHHT** 

[0 2 ] Sfr LH(USAS l 2 ©$&g©?Jlt4afc*?SEft 

[1 3 ] ilfr Lflre©-0O***tHll3HT?fc 5 , ( 1 ) 
&a-yhA£, (2) FB^LTl/->5o 

[04] 03(1) ©HJMCgfcfca r c t a n (1 
/3) ©SflfrS^feWffiHTfeS. 

[05] a^bffl^©-ff9«S1-BiraH-pfe»). (3) 
«a-yFC%, (4)«a-yFD£, (5) ttax 
y FEfc*l/Z>5. 

[06] nm®<Dm®x'$>*), d > f e 

HfS©1f*i:Lfcii££SL, (2) B (1) ©ttftE 
{£©4Hca - y F A *S*&AJS-#1** U ( 3 ) It 

( i ) ©sfta«©*ta - 7 h B*afti^^-«a* 
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[07] 8frLH«K0'>y#;l/fflfcj£#fi}£©-0!l£ * [02 3] -14!|£S|54 2 ©Saaojtftfl* 



[09] a*i^tti»3'2o«ao8tn*3?ti»nHT 

[110] afrUX0S»B»O-«!**Ttt!8B-?* 
[0 1 1 ] 1 1 0©-^%ffi*LT*LfciBHSgT*£> - 

So 

[012] mrL&aimz<Djmt!>mti*Ktw\E 

T'&5„ 

[01 3] 01 3liA73Hf£ (013 (1) ) fc, 
»h/<#->OK«5ffil*tt£Lfc»07J!jWI (0 
13 (2) ) ©-09*jSLTI^«o 
[01 4] X*B«*tfe»5a-«yhAKW(St5« 

[01 5] 01 4*»OgSWiS2:¥fTaSlRl*^Mfe 



[02 4] ift3i^^->ogy^fitt^0T*a&»), 
(a) (b) \tmm, (c) «£±fr 

&£T^O»ft^fil. (d) H£.±frttT^<omi5 

[02 5] *»Htt*B«#fflLfc^£*ta^BT 

[02 6] ^E©01fc*ftfca^TKy h/^-V 
10 *KUbfcW*sri»!HT**. • 

[02 7] 02 4 (a) ©Sfc&ft/^-yEffioTB 

[02 8] ^9j^Hm£^tmM««^tRI|3 
0T'35i.o 

[029] js^L^ma53 2©MS©!tri^^-r?tn0 

[03 0] S»t, ft*t. B*2*»aMELfti»©« 

[03 1] 03O©i#£i«f, HI, B4£©# 
[01 6] a-y h/^->U (x, y) ^ESfciiS 20 »EJ:-3TiMWLfcfl*SrtWiH"ff**. 



h B T?*5fr**J£*4£ffiKO^TBffl*5KEBT 
[017] flW8«7C©-ffiJ*StRflHT** 

[018] T-^twoaTc^ac-^stKraH-e 
[019] T-$®%<omfim-m7&tmm 
[020] f-^iwoaKsao-flts-rwBHT 

[02 1] Yv W<2->©«ffl*qnirf|lK&S»£* 
a*1-KBBT*S. 

[0 2 2 ] g 2 vmmmmicfrfrmfr L^mm& 



i o a^tiiHBa^»%B 

1 1 z*wmim 

1 2 m^Lmmam 

i 3 a^txt)S:»ii«i^jK» 

1 4 ffl^T'WX 

1 5 £»t-* 

1 6 ffiffilRS 

2 0 ffl»|*B 
30 3 0 3ft'L1ftfgtttf!&B 

3 1 XtlT'UT. 

3 2 a^tttttW 

4 o i^Lit^a46ji*sa 

4 2 S»M&*/<*-VWj0» 
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[011] 
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